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ABSTBACT 

This publication prei^ents the final report of the 
Meeting of Experts on Environmental Aspects oJE Engineering Education 
and Training held in' Patls, June 17-21, 197Q. Convened b^ DNESCO in . 
cooperation with the qiilted Nations Environmental Programme (0»EP| , 
t^is meeting vas pari; ol^ a se^ries of activities that DHEP is 
undertaking or assisting, aimed at supporting and encouraging the 
training of ^xperta in various environmental fields. The objective of 
the me^:ting vas to provide- ONESCO and ONEP with guidelines on future 
programs that should b^ undertaken to assist member states in 
strengthening the environmental education of engineers. The meeting 
reviewed the need and means for the inclusion of environmental 
concepts into the education of all engineers, the strengthening of 
educational programs aimed at producing engineering graduates for 
work-in environmental ai^^as, and the inclusion of environmental 
components in continuing edvucation programs for presently practicing 
engineers. The institutionaixstructures that are needed to meet these 
objectives were, also discussedv^ The meeting gave special attention to 
the conditions in developing-'cov^tries and to the environmental 
consequences of development. Conclusions and recommendations 
formtllated by the meeting are indued; (BT) . , 
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L . BACKGROUND . ' 

INTRODUCTION ^ 

The meeting was organized by Unesco within the 
framework of its programme of prompting the 
reform and development of engineering educati^on, 
and with the financial assistancfe from the United 
Natlo|is 'Environment Programpie (UNEP). Itwais 
part of a series of activities tha^t UNEP is under*-!- 
taking or assisting, aimed at s)dpporting and en- 
couraging the training of experts in various en- 
vironmental fields, and the training of personnel 
in the techniques of incorporating environmental 
considerations into development planning. Jhe 
^'meeting gave special attention to the conditions 
in developing countries and to tine environmental 
consequences of development. Other Unlt^ed 
Nations agencies as well as interested non- 
governmental organizations sent observers at > 
Unesco's invitation.' The list of participants is 
given in Annex II. 

The objective of the meeting was to provide 
Unesco and UNEP with guidelines on future pro- 
grammes that should he undertaken to ^assist 
Member States in appi^priately strengthening 
the einvironmental education of engineers* 

The meeting was opened in»Unesco House 
^in Paris, 17 June 1974, and reviewed the need 
and means for the inclusion of environmental, 
concepts into the education of all engineers, the 
strengthening of educational programmeai^imed 
at producing engineering graduates for work in 
environmental areas, and the inclusion of environ- 
'mental components in continuing education pro- 
grammes for presently practising engineers. 
The institutional structures that are heeded to 
meet these objectives were also discussed. The 
agenda for the meeting is given in Annex I. 



OPENING OF THE MEETING 

The meeting Avas opened by the Assistamt Director- 
Ger^;eral for Science,* Mr. J. M. Harrison, who,' 
onjiehalf of the Director-General welcomed the 
participants and observers (Annex IV gives the 



ELECTION OF CHAIRMAN, \ 
VICE-CHAIRJVIEN AND RAPPORTEUR 

The meeting elected the following officers to con- 
stitute it& Bureau :,4 
Chaijrnian : ^ Mr. R. G. Norman 

Vice-chairman : Proffessor A. El-Erian 
Rapporteur: Profesisor A. Ramachandrah 



It. SUMMA RY OF DISCUSSIONS 

The working sessions of the meeting began with 
the presentation and discussion of the background 
papers prepared in advj^Cie by the four Unesco . 
consultants. These documents are included In 
Anpex V of this report. Frequent references to 
these papers were made throughout the ^course 
of the meeting, and there was general agreement 
amongst the participanlts that th§y constituted an 
Invaluable "Source of inforimtion on the subjects 
of discussion. j 

Deliberati<>ns then centifed on item 6 (a') Of 
the agenda, ,jthe environmental concerns that 
*have prompted the reappraisWl of world priori- 
ties and have led to such actions in the field of 
engineering education as ther. 
meeting. 



tiolding of this 
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Item g (a) of the agenda : Environ 



mental concerns and prospect 



text of this address; as well as those of other 
speakers at the opening of the meeting). / 



Global problems 



One of the submitted^^pers provided discussion 
on global environ^ei^al prclblems, including, 
energy consumption, production and disposal of 
noxious compounds, and effects on the world's 
water and air. Th^ uoderg;j'ound disposal of 
dangeroui^ substances was singed out as a par* 
ticularly hazardous policy/ [bearing in zhlhd 
possible needs of. future generaUQns to exploit 
.virater or other- resources in tJn^ earlbhjs crust. 

''Throughout the meeting mere was repeated 
mention of situations where familiarity with other 
sciences was essential for fiill under standing of 
the impact of engineering works, and the examples 
q\ioted highlightecj' the impor/tance of such fields 
as social sciences , ecology, soil sciences, marine 



biology, meteorology, and huriian biology. Con- 
cern was expressed not only that the engineering 
profession was not sufficiently in contact wllii 
those in specialized gicl^ntlflc If lelds, but tha^J^ 
latter were ^themselves oftefi reluctant to T» 
operate with engineers and tpjiattempt to under-* 
stand the broader lmpllcatl6|^ of the use of tech- 
nology and of economic and i^clal development. 
Increased understanding b^ween *dlffereat pro- 
fessio^ns Is Imperative, as itj increases motlva- 
tion to tackle in a multidlsciplinary manner com- 
plex problems of Importance to society. The rOle 
of-professlonal andolearned sdcleti^s was men- 
tioned as being especially importaritjn this ct^ntext. 



History of social consequjfences 
of technology 
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Furthermore, the discussion fiorrc|irned the his- 
tory of technology, and itsjrelation tp development 
and ejiivlronmental changes. Many changes^ were 
quoted, ranging fi^om lead poisoning and de fores- , 
tatlon in Roman Empire ti^mes, to me cpiistruc- 
.tion ot steam tu rbines and large mo^^i^n industrial ' 
pr^ects. Problems of scile-and cojjnplexity were 

' perceived as very important,^ especially In rela- 
tlon to infrastructure and eiivironm'ent, and some 
participants suggested that, in the ti|bnd to*gigantic 
works, economies of scale^ in production were 
" often not real, bearing in mind feilmhe secondary 
effects of the undertaking. / , 

. Thus some development projects may turn 
but to be counter-productive, when viewed In a 
regional perspective. However, some partici- 
pants insisted that this may often be due to Uie 
fact that the engineers responsible were giveri 
exceedingly restrictive terms of reference, the 
^ fundamental dedislons having been made at a 

K V&^^^^ or, in sQm^ instences, even In 

another, country. There was general agreement 
on the i^tility of leairning from the past, by care- 

,^ fully studying actual c^ses, and using these In^ \^ 
engineering educatlon^nd disseminating them, \ 
* particularly through the journals of engineering , 
associations. / 

Development and environmental 
problem 8^ ~ ^ 

It was repeatedly pointed out that environmental 
concerns differed widely around the wSrld, and 
that they were intimately related to the process 
of development of both the economy and the so- 
ciety. In many regions anrfcountries, the major 
problem was survival in hostile environments, 
such that development ImpUes prlmarUy a modi- 
fication of the environment. The examples quoted 
Included trbplcal forest areas with impoverished 
soils and the desert regions of Africa and Asia. 
Betterment of the populations in these areas could 
be brought about by resource development and by 
the application of technology, bearing in mind Its 
whole range of short- and long-term environmental 
consequences* 

On the other hand. In many Industrialized 
countries the majorenvlrohmental concerns were 
. seen as those of pollution, urban crowding,- 



dereliction, aryl ecological damage. In many of 
these countries there may not be a real problem 
of l^ck of resources , rather a question of choice 
of ^by^ftsfFTioH \ 

\- ■ ' ■■■■ ' 

Urban settlements, natural resources. 



the oceans and the environmjent 
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In the discussion four areas of critical import- 
ance were identified, areas that participants 
considered should be given greats emphasis In 
the strengtjienlng of environmental components 
of engineterihg studies. 

In the first of these, human settlfemejits, 
engineering works play a major rOle^ut (x) d^e 
engineers! have usually only been interested and 
Involved on separate parts of the problem such 
as streets and highways, water supply, or^ bund- 
ling structures. The; rapid growth of urban popu- 
latlonSj poor housing, urban migration -anc^dere- 
llctlon of fixlsting cities are such that In coming 

xlecades uiban problems will become critical in 
many countriea, of all levels of development and 
massive er glneerlng works will certainly be under- 
taken. Engineering curricula do not usually give 
any attention to urban development Issues, and 
yet a large proportion of all engineers do work 
that lias er vlronmental Impact qn life in urban 
areas. Human settlements In rural areas are 
another aspect of this problem where engineers 

1 have {an impbrtant rOle to play. 

' The development of natural resources is a • 
key to the/improvement of the livelihood of those 
In developing countries, especially mineral and^. 
forest resources, agriculture and water resources. 
Far too often, engineering leducatlon In these 
countries Is too academic lij^approach and does 
not adequately prepare graduates for their future 
rOles, especially that of planning or controlling 
projects for the exploitation of resources. To- 
gether with economic and legal factors, environ- 
mental aspects are of capital Im^orkance, notably 
iti large-scale mining operatloiis. 

The oceans of the world represent huge po- 
tential sources of foqd and mineral resources, 
and engineering actiyity In and around the seas 
Is rising rapidly. Only in very few instances, 
however, have engineering education institutions 
responded to this nevi^rea, as engineering edu- 
cation has traditionally tended to stop short at 
the water's edge or at the end of the sewage out- 
fall pipe. Offshore ; technology and undersea 
mining are obvldusiy Important In themselves, 
tut the ehvlronih^ntal Impact .on the Qceans and 
enclosed seas of/aU engineering works needs to 
be given greater/ attention in the ^Initial and con- 
tinuing education of engineers. 

The effects on the environment of large-scale 
Industrial complexes was discussed In detail and 
examples In^apan and Finance were mentioned. 
Problems concerning population mo^^ land 
use, transltorj^ effects duVlhg the construction 
period, traffic, pplliitlon, micVocllmates, disaster 
risks and ecologicak and culftiral consequences 
were mentioned. ATiils seemedanareaof Import- 
ance to education lhalienglne^|rlng disciplines and 
where case study Approaches could effectively be 
used. 
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Item 6 (b) of the agenda ; Engineering 
manpower requirements 

Engineering manpower categories 

There was general agreement that much, work 
will be necessary In defining cate^oi^ies of per- 
sonnel required in envi^.onmentat fields and, 
while there will logically great differences 
between conditions and needs in different coun- 
tries, it was thought useful to- carry out compre- 
hensive manpower studies An a number of coun- 
tries as soon as possible. Those aspects of a* 
qualitative^ nature were suggested ^s being' more 
important than attempts to predict number's' of V 
engineers required in the future, as experience 
has shown that such calculations .olTteh prove to 
be Inaccurate, \ ' . 

Several speakers stressed the continuing 
importance of environmental ,health engineers, 
working in such areas a^ water supply,'Vsewage 
treatment and vector control, but it was empha- 
"sized that environmental engineering cannot be 
re.stricted to health questions, but should be coh- 
cerned^ith the general problem of providing man 
with«as favourable an environprient as possible. 
Thus education to give understanding of the ways 
in which social and environmental equilibrium^ 
may be preserved and restored is es^gential for 
engineering students in all disciplines. 

Environmental engineers and 

environmental! managers 
-XT-. = 

There was considerable discussion on whether 
environmental concerns would result la an in- 
creai^ed (jjjBmand for engineers. One view was 
that qualitative questions were most important, 
and that in many countries the demands would be 
for better edlucated or better retrained engineers, 
rather than for more of them. On the other hand, 
some participants felt that increased numbers of 
engineers* may prove necessary in some speclal- 

' izationd, such as chemical engineering and civil 
engineering. It was pointed out that engineering 
works affecting the environment on a large scale 

'such as sewage treatment or river control struc- 

• tares, oftfen required many different engineering 
specializations for their desigi\ and construction, 
where perhaps few engineers could be classed as 
specialized environmesntal engineers. 

On the othe^" hand, a clear need for environ- 
mental man a genie^t engineers or eovironixiental ' 
mapagers was ^een, men who would have the 
breadth of view and experience to be able to plan 
and administer environmental control services 

' in cities or larger regions. There was some 
difference of opinion as to whether special under- 
graduate courses! should be used for training ■ 
environmental manage rs* whether only post- 
graduate c)|urses should be us^d and in the latter 
case whether engiiieers and non-engineers could 
or should'be trailed in the sam^ programmes. 
The training of "ei|ivlronmental Integrators" was 
also suggested, pdrsons having the capacity to 
direct the multidi^ciplina^y teams required for 
environmental wofk. 



Manpower needs in engineering 
education euid training 

Many participants identified teacher training and 
retraining as a high priority,^ especially in the 
context of curricula reform to include environ- • 
mental concepts into all courses, and that of 
creatir\g, within educational institutions, link- 
ages between departments that have- tended to 
remain isolated and illusorily self-sufficient. 
It was thought that this should best be undertaken 
at institution and natioi;ial levels but, Vhere groups 
of countries intone region have comparable en- 
vironmental and development problems, aninter- 
natlbnal approach may be desirable. 

Manpower riteeds regarding 
technicians " . • ^ 

Although discussion was mainly focused on rWes 
and needs for engineers, .the needs for engin<^er-; 
ing technicians of variou^ types ind levels were 
also mentioned. Technicians in enviroifimental 
protection and nionito ring functions w^re obviously 
going to be required in Increasing numberp/bjUt 
the environmental awareness of technicians In 
industry also needs to be promoted by education 

and In-servlce training. ^ ^ 

• • ■ " . »^ ' • 

Item 6 (c) of the agenda : OptloAs 
for engineering education " ^ 

Discussion on item 6 (c), took place mostly on 
the basis pf the following scheme: 

' Engineering education: programmes / 
methods and areas 

Programmes ■ ^ 

1.1 Introductory courses on environmental 
quality for all undergraduate engineering 
students. 

1.2 Programmes centred around society, tech- 
, hology and development as part of the social 

sciences and humanities context of undergrad- 
uate engineering programmes. • 

1.3 Prbjects In undergraduate programmes 
emphaslzlhg multldisclpllnary and systems 
approaches. 

1. 4 Courises, workshops and seminars, devel- 
oped Indigenously In each cpuntry In areas of 
local relevance with. If necessary, support , j 
"or expertise from abroad. 

1 . 5 Workshops on environmental standards. 
Instrumentation ahd techniques for engineers 
In government and Industry. 

1.6 Post-graduate programmes In envlron- 
^ mental management^ based on "systems" and 

"r^sourc!6^" approaches. ^ ' 

1.7 Worksiio^s for engineering educators to 
develop eAylronmentalinsights In their respec- , 
tlve dl8clp3ines, ifor use In their Instructioiial 
progranurnes. 

1. 8 Short courses for In-servic^ engineers uslng^ 
case studies and other means, to develop en- ^ 
viroilmental appreciations,/ skills on environ- 
mental problems, etc^ > 



1. 9 "Regional workshops to emphasiz^ utilization 

of local materials, recycling, low energy use 
' for optimising habitatd^and services. 



Methods 



lis. ediica- 
for use 



2. 1 Development of teaching materi, 
tional technology, visual aids, et 
in engineering institutions. 

2. 2 Creation or strengthening of laboratories 
and field investigation facilities of inlstitutions 
dealing with environmental areas, 

2.3 Encouragement of excursions, trips to ma- 
jor projects for in- situ studies of* environmental 
assessments. o 

2: 4 CompilationS^f files information and referral 
services in environmental areas, in co- 
operation with UNISI^T and other informa- 
tion services. 

2. 5 Preparation, of case studie;6 of completed 
projects dealing with technical, economic and 
.environ mental appraisal of such projects. 

2.16 Development of analytical methods for hand- 
lling eavironmental data, ei^pecially with ' com- 
Iputers. 

2.!? Promotion of communication 'skills and de- 
|velopment of ability >to deal with the public and 
jpolicy- makers on matters concerning environ- 
'inent and technology. 

2. 8 Promotion of historical and socio-economic 
aspects of technology and its applications in 
relation to the environment. 

Activities 

3. 1 Examination of necessity for setting up in- 
stitutes or centres of environmental studies in 
universities to promote multidii^jpiplinary teach- 
ing and research. 

3.2 Undertaking of pilot studies* on ways and 
nleans to promote multidisciplinary teaching 
in environmental areas. 

3. 3 Encouragement of professional societies to 
organize seminars; exhibitions and confronta- 
tions dealing with environment on national, re- 
gional and international levels. ^ 

3.*4 Examination of altemfitives to^techriologies 
having an environmental impact and appropri- 
ate to countries concerned. 

^ ■ ... 

Continuing education 

of engineers o ^ 

The priority that should be given to increasing 
the dhvironxnental awareness of engineers who 
have already graduated was frequently stressed, 

the ^rounds that for the next 20 t)r 30 years 
it is they who will be dominating the engineering 
activity. .Many will be working iiCenvironnrental 
management, with or^Hirithiiut any formal train- 
ing ^for- such rOle, and many more will be in areas 
wtere their work will have direct impact on the 
envirbhmeht. Ccmtinuing education must in- 
crease their competence but, even more import- 
anfi;^« should. give them an Awareness of environ- 
TDilbpXtA problems and issues, such that they can 
tQt^§ee effects, rather than defensively ^eact 
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a'fter the secondary effects of their works be- 
come apparent. The professional engineering 
societies and employers were se^ as playing a 
key rOle in continuing e^ducation, and it was sug- 
gested that in many countries the uhiv<er_sities. 
and engineering schools should be more positive 
in their attitudes to continuing ejiucation. 

It was also mentioned that there would be 
many benefits if professionals from different 
fields participated jointly in continuingeducation 
programmes, as this would add to the value of 
the training and^wduld promote subsequent co-> 
operation. ^ 

Issues regarding the curriculum 

and methods of engineering education ^ ; 

* \ 

There was unanimity as to the need to develop 
ways of using case studies in engir\eering edu- 
cation, comparable to tlje way that these are 
sometimei^sed in other professions such 
medicine anp manageiftent. They would be most 
useful ^ffthey could be multidisciplinary in Ina:-^ 
ture ^nd this would bring benefits to th^ teachers 
as well as t<?the students. There are many diffi- 
culties in developing such methodology,^ but par- 
ticipants believed that high priority shouljj be 
given to the encouragement -of institutions to 
experiment with case study methods of introduc- 
ing environmental aspects into engineering edu- 
cation at alldevels. ^ . 

On the other hand, there appeared to be di- 
vided opinions as to whether general lecture 
courses on environmental problems were an 
effective means, -because of the danger that 
sti^dent motivation to learn could be low if these 
courses were not seen to be closely related to 
their interests, or Were not well taught. It was 
recognized, ^ however, that in so^e instances 
special courses on such topics as '^environmental 
protection^' might be necessary and successful 
in disciplines such as chemical and civil engin- 
eering, but in this instance the course should b^ 
tailored tp the particular currici^am. 

(^o-operation among interoational 
organizations in the field of 
engineering education ' ^ 

^ There was general agreement that mora effec- 
tive international and regional co-operation was 
needed to encourage improvement of the educa- 
tion of engineers and other specialists with wiibm^ 
they would be working during their careers. Thus, 
as well as improving co-ope ratlori between group- 
ings of engineers, Ikiks should be strengthened 
between them and other professional nationals 
and international 'levels. It was Suggested that 
the Man and the Biosphere (MAB) programme 
could be used as a mechanism for this co- 
operation, and also that the International Council 
of Scientific* Unions (ICSU) and9»its constituent 
bodies, notably the Scientific Committee on Prob- ^ 
lems of the Environment (SCOFE), should par- 
ticipate. In addition, closer corope ration would 
need to be established with the World Health 
Organization (WHO)^ the World Meteorological 



Organlzatloh (WMO), the United Nations Indus- 
trial Development Organization (UNIDO), and ptheir 
related organizations.^ 

"The need fo^ close co-operation wj.th the 
United Nations Environment Programpne (UNEP) 
w£is st re s sed'i Botiii*wi{H Regard to; financia; 



financial stjp- ^ 
-port and to einsure that activities undertaken by 
Unesco are complementary to other related 
activities receiving UNIIP support. Co-operation 
with the United Nations Development Programme 
(UNDP) and the international Bank for Reconstruc- 
tion and Development (IBRD) \^as also mentioned, 
especially the possibility of placing more stress 
on the environment in projects being financed by 
these bodies. L - " 

The work orthe World Federation of Engin- 
eering Organization^ (WFEO) Committee on Edu- 
cation and Training was mentfilfned, also that of 
the regional groups concerned with engineering 
education,^ including the European Federation of 
National Engineering Societies (FEANI), the 
European Society for Engineering Education 
(ESEE), the Union Panamericana de Asociaclones 
de Ingenieros (UPADl), the Federation of Arab 
Engineers (FAE), the Cpmmittee on Engineering 
^Education in Middle^ Africa (CEEMA), the Asso- 
ciation for Engineering Education in South and 
Central Asia (ASEESCA^and the Association for 
Engineering , Education In Southeast Asia 
(A^ESEA). " ^ 

The meetings* journals and newsletters of 
these regional associations were seen as a pnech- 
anism for dissemination of informaiion on e/iviron- 



mental aspects of engineering education, but there 
was general agreement that the publication aind 
wide distribution of an international newsletter, 
perhaps entltj.ed "Engineering Education and'^the ^ 
Environment", would be an effective means ofH 
giving world-wide publicity t^ problems. -Inno 
vat ions, and sources of information. Tne possi- 
bility of the newsletter belnTgp^rblished^y^Unesco 
in co-operation with WFEO was suggested, and 
it was agreed that the matter needed further study. 

, There , was general agreement that In any 
event all engineering cours^ should now havjp a 
fabric of environmental content woven into them, 
especially those dealing with design, construc- 
tion, operation and^economics. It was remarked 
that today many .well presented couz^ses do Include 
societal and environmental considerations- ^ 

Reference was made to the opportunity of 
Integrating social science and envlro|imental as- 
pects of engineering education. The work of th6 
Social Sciences Sector of Unesco was described 
by the Secretariat and the Unesco Seminar on the 
ROle of Social Sciences and Humanities in Engin- 
eering Education, held in Bucharest (Se'jjt^nfiber 
1972), was mentioned. It appears that the growth 
of environmental concern adds further justlflca^; 
^tion to the need for social sciences and humanis- 
tic disciplines as an Integral part of engineering 
curricula, by rej.atlng these non-t^chnlcal dis- 
ciplines in an x^pe rational way to e^ivlronmental 
studie;8 and problems. Participants suggested 
that new approaches along these Unei^ should be 
encouraged, . * 
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The rOle of systems anAlyplB ^ 

The use of modern multidisciplinary syst^s 
analysis In environmental probleitis wai^ regarded 
as most important, for, this would enable, the en- 
gineer to obtain a proper broad view of^the impact 
of engineering works and of the factors to be taken 
into account in their design, *One participant 
proposed a simple model of these relationships, 
whidh is shown in Fi|[ur^ f. 

Meterological considerations 

Especially with regard to urban settl^ents and 
large ihduBtrial conriplexes, meteorololgical con- 
siderations are of substantial importance in the 
engineering design and in the operation of indus- 
tries, and yet meteorology is rarely included in 
engineering curricula. It was thought that, per- 
haps in the form of case studies, meteorological 
.concepts should be considered. 

Environmental implications of / 
energy Supply systems 



The relatiohsriipbetween energy and the environ- 
t ment was discussed at some length, from the 
point of view of varied environmental implica-^ 
tions of mining fossil fuels, oil exploitation and 
processing, and also regarding the environmental 
problems associated with po)yer generating sta- 
tions. This seemed to be a sector of industry - 
where engineering has a very positive rOle to 
play, but where an optimal balance In terms Of 
development objectives has to be sought through 
interdisciplirl&rry co-operation at all levels of 
decision and implementation, 

s ■' 

Item*7 gfcthre agenda: Co-operative 



international programmes 

— ' — . > ■ . i. 

Thej:e was extensive discussion of ways in %hich 
UNEP ^nd Unesoo and other organizations*could / 
promote better education of engineers in environ-/ 
mental topics. It was recognized that WHO, WMO 
Sind the International Atomic Energy Agency (IAEA), 
would continue to promote the training ^ specil^lf 
lists in their respective areas, notably through 
regional centres such as the Inter- regional Sani- 
tary Engineering Centre in Rabat^ Morocco, and 
by the developmenJt of teaching materials and that 
these programmes would* need continued supporL^ 
The in-service training work of UNIDO was also 
ver/iniportant and the possibilities for their in- 
creased use to promote "environmental concepts 
was mentioned, as_was the possibility of linking 
them with Unesco programmes in continuing » 
educatiom ~ 

Priority area's for actiqn were identified as 
continuing education, teaching traiiaing, prepara- 
tion and dissemination of teaching material, in- 
formation and publicity! and institution buildings- 
It >yas considered that, bearing in mind the, very 
large number of engineering schools around the 
world, it would be preferable to concentrate any 
pilot projects on a limited number of existing in- 
stitutions^ choseri so that maximum results are 



likely to be achieved and having the capacity to 
publicize work in their regions. 

An integrated group of projects was finally 
recommended by the meeting a^ being those 
where Unesco and UNEP could most fruti fully 
direct their efforts. These projects are pre- 
sented iii pages No^ 12 to 16 of this report vnder the 
framework of a draft proposal for a "World Pro- 
gramme on Environmental Aspects of Engineer-- 
ing Education and Training". * 



III. CONCLUSIONS AND . 
RECOMMENDATIONS 

The Meeting of Experts on Environmental Aspects 
of Engineering Education and Training, convened 
by Unesco in co-op6ration with the United Nations 
Envinonmental Programme, carried out its tasks 
froni 17 to 21 June 1974. ' • ' 

The meeting felt that the problems brought 
to their consideration were urgent and of world- 
wide concern. In particular, the meeting had 
the conviction that members of the engineering 
profession have a clear responsibility to their 1 
countries and to the world at large in th,e' safe- 
guard and impi:ovement of the quality of the hu- 
man environment. This responsiblitty stems 
from the rOle of the engineer as the creator of 
new technology and as one of the decision-makers 
on the conditions ui:ider which this technology is 
used for the ultimate progress of destruction of 
human society. / 

In this sense, the Secretariat coiisidered it 
^ opportune to recall the Stockholm recommenda- 
tion that the attention of governments be drawn 
tfo the need to adapt the training for the members 
•of all professions involved in environmental plan- 
ning, particularly '•the training of "professional 
people who act directly upon the environment 
such as engineers, architects, town and physical 
^ IJplanners". The recommendation explains further 
that "it would be neces^ry to introduce into the 
existing curricul^Ujof training for these profes- 
sions a set of gene notions with advanced < 
training in the environmental management tech- 
niques associated with each of the professions 
^cqncerned^'*. 

After a thorough discussion of the substan- 
tive items of the agenda, which permitted a broad * > 
exchange of ideas, among ^individual participants, 
representatives of other agencies of the United 
♦ Nations system, representatives of non- 
governmental organizations, Unesco consultants 
and members of the Secretariat, the meeting was ^ 
kble.to formulate its recommjendations as follows; 

Overall recommendatiojns 

r. That in all its programmes concerning 
the education and training of engineers and 



»5» This recommendation is contained in para- 
graph 113 of the report of the Secretary- 
General of the United Nations Conference on 
the Human Environment on subject* area IV: 
Educational, Informational, Social and Cul- 
tural A sWcts of Environmental Problems. 
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technicians* Ones co should stress the importance 
of environmental concerns and concepts, pn a 
local a];id global scale. 

^ 2. That Unesco should continue and expand 
its co-operation with UNEP in this work and should 
work closely with other" international organiza- 
tions and agencies, especially the World Health 
Organization (WHO), the United Nations Indus- 
trial Development Organisation (UNIDO). the 
World Meteorological Organization (WMO). the , 
International Labour Organisation (ILO)' the. Food 
and Agriculture Organization (FAO), the United 
Nations Development Programme (UNDP), and 
the International Bank for Reconstruction and 
Development (IBRD). Furthermore, wherever 
appropriate, non-governmental organizations 
such as the International Council of Scientific 
Unions (ICSU). and, the World Federation^f En- 
gineering Organizations (WFEO), st^uldbeassQ- 
ciated with these activities, and the regional 
bodies such as the European Federation of Na- 
tional Engineering Societies (JTEANI). Pan- 
American Federation of Engineering Societies 
(UPADI), the Federation of Arab Engineers (FAE), 
the Committee on Engineering Education in Middle 
Africa (CEEMA). the Associatioi^for Engineering 
Education in Southeast Asia (ASEESEA). \he 
Association for Engineering Education in South 
and Central Asia (ASEESCA). that are concerned 
with engineering education should be er^couraged 
to include environmentally-oriented activities In 

.their programmes. 

3. That such cq- operative activities be en- 
visaged as a 'world-wide effort to stimulate.-re- i 
flection, experlxnentation and Innovation in en- 
gineering education and training, and that the 
sharing of irffbrmatlcto and experience be a prl- j 
orlty aspect of this work. 

, 4. That In contributing to technological de- 
velopment engineers give increasing importance 
to the constraints o^ environmental quality thus 
developing a better understanding, not only of 
the intenactlon of development with* the environ- 
ment, but also of the rOle of^envirQnmental sci- 
entists. Conversely It seems desirable to pro- 
vide oppoi*tbun\tles\Cor environmental scientists 
(both social and natural) to ^understand the engin- 
eering problenn of guidlng^^echnological devielop- 
m€^ht to achieve social purpdses within a whole 
connplex of constraints. 

5. That at a regional or sub- regional level, 
countries having similar ecological and develop* 
niental conditions shoiild be encouraged to de- 
velop links between their engineering schools and 
professional societies, so as to develop co-^ 

^ operation in teaching and research in environ- 
mental fields related to engineering. o 

6. That at a national level, those engaged in 
engineering education should reappraiife.the orl" 
entation and objectives of teaching and research, 
taking into account local development needs and 
environmental conditions. . and in consult§itlon> 

, with those in other disciplines, to studj^the ne- 
cessity foi* more environmental studies to be in- 
cluded in the curricula. " ^ 

Kurthermo^e, the rneetlTig stressed the inn- 
jibrtancc* of the analysis of manpower needs and 




o'f career profiles for engineers in the light of 
environmental issues, and maintained that. these - 
needs will vary^ widely according to the social, 
conomic and ecological situation in each country,^ 
developing countries the emphasis may be 
aced on balanced ^development of natural re- 
urces, water supplies and sewerage, ut*ban 
ettlements, and rural development. In the more 
industrialized countries pollution and transporta- 
tion aspects may need to be given greater empha- 
sis.. In this context, it is recommended: 

7. That studies be carried out in every, 
country to' determine the environmental areas 
which are currently most important, with re-' 
gard to engineering practice, and to outline the 
qi^alificatlon characteristics of the engineering 
personnel whose work will influence these areas. 

8. That basic training of all engineers shall 
include study of ei^vironmental and ecological 
principles, so that they are able to foresee, not 

•pimply react, to environmental consequences of 
their work. Whenever ^netiessary, traiming on ' 
enviromiT«ntal< matters of a spedial nature must 
be included in specific branches of engineering. 

Manpower * - 

Engineers have played a major rOle in the tech- 
nological develepment of the present society and 
should continue to do so. An appropriate con- 
sideration of man' as a part \>f the .environment 
must be fundamental in the work of all ehgineerg. 
Insights in basic and environmental principles 
must therefore &e a part of the training at all 
levels. , * 4 

Education effort aimed at^m proving environ- 
mental understanding am oilg engineers must use- 
fully be direfcted towards ^education in the follow-, 
ing three phases, set oiit in order of priority: 
^ (I) in- career education and training of practis- 
ing engineers should be protnoted based upon 
short-term courses and examination of case ^ 
studies involving the ilse of 'multidlsciplinary 
principles; 

' (ii) undergraduate education of all engineers 
' shall^ include environmental and ecological 
principles and studies aimed at a general ; 
understanding of environmental problems; 
(iijl) _ engineers intending to specialize on environ- 
mental impact should pursue suitably arranged 
post-graduate higher degree coQrses.. 
It is recommended:* 

9. ; That studies be carried out on the needs 
and categories of specialist engineers in environ- 
mental fields, as well as needs for engineers able 
to, assume rOles in environmental mainagement. 

10. That th% training of pr'^ctising engineei's 
be considered as a'' priority hiatter. Effective 
short-term courses using modern techniques 
should preferably be usedfc V V " 
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Ai. That Unesco, \vhen plannmg anduiripl©'^ 
menting international technical cb-^pe ration pro- 
grammes In the field of eijvironmental education 
of engineers, fully rdtogn I zes that Hig^l^ier education 



systems are characterized by their great diver- 
sity throughout the world in the same way that 
ar^i^socio-economic policies, and development 
objectis^. Thus, while no universal moulds ' » 
are desirkble, it is of the greatest uge'^ful^ess . 
and urgency that governments and institutions 
involvecyin a process of innovative reform .be 
provided with a set of alternatives which could 
serve tp document technically their decisions 
based to a large extent on over all national policy 
considerations. 

12. That an emphasis commensurate \ylth 
the government's overall environmental policy 
be placed iri environmental quall^ objectives 
when the'^ re form of higher education, and par- 
ticularly engineering education. Is contemplated 
by different countries. ^ " 

13. That In the study of alternatives for the 
reform of engineering' education and training^ 
governments and higher edu cations tabllshmehts 
give due consideration to^ the possible need for 
reorganization of Instltuflonsfci^^ructures (e. g, 
the creation of Inter-depa^tment'al Institutes or 
laboratories oriented towards envliH^nmental 
quality problems; the establishment of new ^ 
organizational structures that facilitate the co- 
operation of such areas as engineering, archi- 
tecture, planning law, economics and social sci- 
ences In teaching and research on the environment). 

Curricula 



mutual an4er*stahdlng among the vsTrlous profes- 
sional gruups. • V \ , 

In order to understand environmental situa- 
tions, engineers should learn to work\n team 
situations. In collaboration with professionals 
of otlier disciplines, ' such as economists, man- 
agers, lawyers, so^clologists and political 
scientists. . . 

17. The e'nglneer of tomorrow must have. 
In the range of social and human sciences , a know^, 
ledge sufficient to*taable api5llcatlon of his tech- 
nical skill In the solution of Important social 
problem^, and thus to contribute practically to 
social progress. ^ 

It Is therefore recommended that: '| i 

(a) In all disciplines and speclallzatlor^ of 
engineering education, the subject "Environ- 
mental Protection" be Introduced,' closely relat- 
ing the problems of environmental protection to 
the specific scope of problems In the engineering 

; specialization. . ' ^ 

(b) Whenever necessary, training on environ- 
mental problems of a special nature must be In- 
cludec^ In specific branches of engineering, e. g. 
chemical engineering (combustion and air pollu- 
tion);, electrical engineering (siting of power 
stations). / 

(c) All engineers' be trained to approach 
complex situations' requiring multldlsclpllnary 
knowledge and the use(^ bf systen^s analysis 
methodology. ' - • ' 



I 14. Thatln the regular revision of curricula, 
attention should be given to the strengthening of 
environmental concepts, through the Inclusion of 
additional courses or by Integration into existing 
programmes. It Is necessary to Introduce, Into 
the tuition programmes of all levels, from pri- 
mary tj) university, some elementary concentra- 
tion not only on the Imperative need of environ- 
mental protection, but similarly on the , complex 
nature and Interdependence of ail phenomena 
Involved. ' , 

,15. After being Informed by the Secretariat 
of the forthcoming publication In English and 
French of "Social Sciences and Humanities In 
Engineering Education" (based on the results of 
the Bucharest Seminar held In late 1972)*, the 
meeting recommends that Unesco endeavour to 
give It the widest possible dlffuBion'among en- 
glneel'ing educators and engineering education 
Institutions^ possibly together with the report..,^^ 
of this meeting, *slnce the meeting feels that the^ 
problems of environmental aspects of the educa- 
tion for engineers can only be approached effec- 
tively by a consideration of both soclc-humanlstlc 
and scientific-technological elements In the pro- 
cess of education of these professionals. 

That as a possible means 't)f strengthening 
social science components of engineering educa^ 
tlon, experimentation be encouraged In the use 
of case studies on past and present Impact of 
technology on man and his environment, 
i ^ 16. That in the gtadua^e tuition programmes 
of. all specialization disciplines i:elatlve to en^ 
vlrcimiiental protection, elements be Introduced 
to etldbie mutual exchange, of Information an^ 

0 



IV. DRAFT PROPOSAL FOR A 
WORLD PROGRAMME ON 
ENVIRONMENTAL ASPECTS 
OF ENGINEERING EDUCATION . 
AND TRAINING , ' 

Objectives tif the programme 

* . * . 
To ensure that environmental considerations are 
taken Into account In development projects and 
other engineering works, especially with refer- 
ence to economy of energy and other resources; 
development and dissemination of envlronmentftly 
soxmd technologies; the prevention of pollution 
and the promotion of healthy urban and rural en- 
vironment on a global scale. , 

The programme Is based on the conclusions 
of the Meeting of Experts on Environmental As- 
"pects of th^ Education and Training of Engineers 
held In June 1974. 

Implementation of the programme \ 

Under the programme varidua projects \ylll be 
executed Inthe years 1975,1976 and 1977. These 
projects will be aimed at ^the development of 
teaching aids and teaching methods for the Intro- 
duction 'of environmental concepts In engineering 
education, by: \ " 



UnescQ Sehilnar On the Social Sciences and 
Humanities .Content of Engineering Educatibn-.. 

(Bucharest, Romania, ^8 September 1972J. 

- IT' . - : I . ■ 



r 



exchange of Infprm^tipn; , 

reform af feJ^neering curricula; 

workshops for engineering professors and other " 

educator^; • ^ . 

development of new educational methodology and 
* resources; 

post-graduate programlnes,*> espeoially In devel- 
oping countrlei^ " ' 
R^ot projiects;'^ . V " 
other $ictivities as recommended by the expert 
meeting. 

Unesco will formulate details of the individual 
projects in close co-operation with the countries 
and with intergovernmental and no n- governmental J 
international organizations concerned. 



A, INTERNATIONAL AND REGIONAL 
COMMUNICA TIONn> 

(i) Development of sub- regional 

networks of institutions engaged , 
in the enyironm^iftal education of^ 



e 



' all engineering students" 
Background and objectives 



The purpose of the project will be. the developt* . 
ment of, a global network of inter institutional 
linkages in the field of environmental edulsation;' 
of engineers. . \ ^ 

Unesco, through its cTlfferent technical Co- 
operation activities, has" established close re- 
lations with engineering education institutions in 
more than 50 countries. Some off these institu- 
tions are now engagflftd in or are considering the • 
development of new currici^a £uid methods of 
engineering education to reflect national environ- 
mental concerns. ^ " # . ^ 

Description ^ . * 

Under this project which would cover Africa, 
Asia, Arab States, Europe and Latin. Aiperica, 
Unescb would provide: v 

(a) a substantial number of sub* regional 
travel grants for engineering educators working 
in the environmental area in order to promote 
exchanges ancl co-6peratioa betweien institutions 
in countries having similar environmental 
conditions; ^ 

X (b) a nuihber of fellowships for the training 
of already j^ualified engineering eidycators wish- 
ing to Specialize in the teaching of environmental 
subjects, through post-graduate Interdisciplinary 
Studies, or through new studies outside the field 
of engineering,;, in basic areap of environmental 
quality management such as: . ^ . 

polifcyxand plauining; ' 
'...'■^legislationrJ -- ^v/;' ■ ■ , 

; ? ecology; * ' ' ' 

economics; ^ v * 

. > ^(c) a number of fellowships for the training 
abi^Oja^d of young engineering teachers.vn particular ^ 
environipental control technologies related to 
^(helr own branch of engineering; . 

(d) opportunities for exchange, of fellow ^ in 



(b) and (p) through the methods proposed in (a), 
* thus maintaining an international §lqyv and sharr 

ing of new knowledge and of' eventual educational 
, inhovatidhs jcesulting from the. work of teachers 
" trained under the prq^qt. . ? 

Workjjlgn . , / - " ^ , ^ 

' \ .■•■».•. .'. 
Fifty travel graints should be provided eaoh>year 
- in 1976/ 1877 and 1978, for the exchange of - 
teaohers in the five sub-regions mentione4; 
4iinety man- years bf fellowships would be awarded 
to, engineering professors from institutions In 
V eaeh sub-regionr^ * . - * 

(ii) International hevfsletter 

Backgrouh<^ V * ^ 

A need exists for t^e^^|s semination on an interr 
national scale of information lijcely to stimulate 
engineering education institutions around the 
wo rid to aftapt their tearching and ^research pro- 
grammes 4oenviromnentar concerns. . Innovar 
tions need to )|p publicized and env;li?pnmental 
information di§sexninated to the world €ommu|4ty 

- bf engineering Ocluc&tors,' prad^ing engineers. > 
and professional soc%t4es. ^ ' 
^ ' ^ ' ■ 

, Obfectiv^ \ ^ ^ 

■ ' ■ . ■ _ .t. 

The objective of the newsletter is to provide a 
vehicle for the e^cchang^ of experience and in- 
fOTmatioh that 5vill stimulate the reform and de- 
velopment of engijaee ring education in.accord- 
ance witl^environmental realities. The newa^r - 
^ letter. would disseminate information on actlvl-* 
ties undertaken under this program me. together 
with other relevant information, and would be a 
source of material foi* the regional and national* 
engineering journals. Ft^would also include in-,., 
formation on availability of courses, educational 
materials, and act as a catalyst for exchange of 
experience. • ^ S^^ * 

Work plafe - • » 

■ ' . • ■ ■ ' --*>■ ■: .■ . • " . ' . ' 

Unesco would arrange for the publicatioa of a* 

quarterly newsletter ''Ihlgihee ring Education 
and the Environment'* directjlS'^oj* in co-operation 
with tlie Committee on Engine^ring^Education aitd 
i Training of |t)ie World Federation of Engineering 
Organizationis. It would be issued initially in ^ 
CngUsh, French and Spanish. aV an estimated 
!?ost of $ 15,000 per annum/v 



B. EDUCATIONAL RESOU«CES » i 

* ■ PROJEGT'.'^''''^;;; • V.V : :/ 

'■' ■ ^SB^ 

In order that ^tengineers be prepared to^con^^^r ' 
the^nvlronmental significance of their projects,; 
whether in the public pr {irlVate secftors, it^ls ' 
necessary that their educatiori be^pe formed to rj 
Include environmental concerns expllptly. InJ 
both formal and continulnii engineerfng edubation, ' 
inaterials fi^d techniques need to:^ be : developed ; 



that will integrate environmental concerns into 
traditional engineering Judgements. 

A Project to develop these materials should 
be undertaken by Unesco. 

Examples of the types of mate ria||s that 
should be developed are f ' . . 

1. : Monographs on the theme '|Ehgineering^ 
DevelopmeiS^and the Environment*', that would* 
provide an historic\^ perspective on, the rOle of 
enja^eers in cohtributing to the social purposes 
of technological development, and on the conde- 
quences to society and the environment, of en-' 
gineered technological changes, 

2. Case studies, including relevant data and^ 
comprehensive post-audits, of engineering proj- 
ects, such as dams, highways, ' industrial com- 
plexies, river basin management, urban develop- 
ment, resource exploitation, large-scale agri- 
cultural projects, etc. Such studies^should in- 
cMde social and environmental consequences, as * 
well as engineering effectiveness. * 

3. Classroom teaching materials that would 
he useful in many engineering science and design 
subjects for modifying oonventional subjecJt mate- 
rial to incliide the envirdnmental factors as well 

the traditional parameters, f * 
Examples include; (i) chemical process or 
m^bhinery design, Where all energy and materials 
coni^umed, produced or wasted are included in 
t^e overallproject assessment; (^) siting of proj- 
ects ^ where the total, impact on society must be 
included; (3) mining, wh6re costs of envlron- 
iriental 'protection and ispoil disposal must be in- 
cluded in project cost studies; elnd (4) manufap- 
turing prbpesses, whe-i^ worker health and sEifety 
are Importarit components of: design. 

4. Engineering study projects that lend 
themselves to the multldlsclpUaaOy ^nalysls so 
essential to the achievement of environmental ^ 
compatibility. Such projects should be designed 
to Involve^, ^tu4ents and faculty from a >Vlde vari- 
ety of disciplines and professlops.^ Examples of 
such .pi:ojects Include new pro^es6es, manufac- 
turing plants, community developments, etc. ' 

5. Teachlngalds ranging from compilation ' 
of appropriate library material, to the develop- 
ment of teaching materials exploiting modern 
techndiogy, fllnis and.;fllm strips; computerlszied 
InstrTu'ctlon. . 

? 6.' Studies of new Institutional arrangements 
and structures in ehglAeerlng education, aimed 
at strengthening ehvlronmental and social conj 
of training prograihmes. ^ 

Theitfcbve materials will assist ^CVthe ^xi( 
cutlon ofth0^>ther pro^jects i^commended by the 
meeting.-. # „ 

Implementation 

Unc^sco. in co-opepflr<lon with' UNEP and^ otJier, 
international or gamza tions as may be appropriate , 
shbuld mde^akf^/p^ preparation 'of 

- the tnonogt^f^iim/^R^e studies, classroonl teach- 
ing material^, atxiy ptoieds and teaching aids 
descilbfed abov^ ' ^ 

Unfesco'^^:^ staff should be supftlemehted by 
ioftWtai^ c^^^ taslc force drawn from v8;rlous 



fields of engineering education land practice, In- 
cluding environmental specialists. Becauseboth- 
physlcal and social sciences are Involved In en- 
gineering education, experts from these fields 
should be utilized. 1 - 

Uneisco may consider sub- contracting por- 
'tlons of the project to engineering' w3/or educa- 
tional Institutions that have the necessary capa- 
bilities, and the potential for i^ecrultlng the 
appropriate experts. 

The meetlifg recommends that an Initial In- 
vestment of 20 inan-yeare of expert services be 
committed to the project. 



C. PROMOTION OF EDUCATIONAL 
FLEXIBILrTY 

iniot and demonstration progratnmes 
for multidisclplinary environmental 
education at engineering schools , ' 
including the use of systems ^^proaches 

Background 

The growing concern for the state of the hums 
environment has an increasing influence on the 
nature of the engineer's responsibilities. There 
ts a strong interdependenoy betweentthe work 
performed by ehglneers and the sjate of the na- 
tural envlronmetit, which Is determined by many ' 
tightly Interwoven factors. The single disciplinary 
approach Is no longer satisfactory, but little l6 
yet known on hoW,the required multidisclplinary 
methods can be applied In practice. The compli- 
cated j!>rbbleins in this field can best be managed 
with the aid ortjhe^sygto^ 

MThlle thesfeiSeeds are present In virtually 
all fields of engineering actlvltle(5| it Is consid- 
ered thaf the ipost urgent needs are for the 
strengthening in -engineering education of aspects 
that/relate to: , • , ^ 

human settlements; 
- naturctl resour^fces; 

marine environments and resources; 
Industrial complexes. ^ 
ln^rder4o achieve such Innovations; sobie insti* 
tutlons may h'feve to change their structure. 



Mectives of the project 




The objectives of the project are to develop 
methodologies foi* multidisclplinary training of 
engineers In eftV^lrOhmehtally Important fields, 
ahd to develop methodologies for teaching the 
applldatloiri of ss^siemd concepts to environmental 
prdbtems .. lrte|e:m^ he tested in pildt 

and demotistr^t^^ programmes undertake^ in': 
englneerlng^stitutlonia of various r^eglonsjof 'the\ 
world. programmes will stressthe strength- 
ening of critical areas that have hitherto been 
inadequately covered in engineering studies, 
naxhely urb^ and Vural developmcyit, natural 
resource confserVationai instrihe resourcefi^iartd 
the.impact of larg^indu^trlSl developments J /T^^ 
• results of these etiidies and the progress of th6 
pilot tfrogrammes * Wcfeld be widely dlssethlnated 



/ 



through the newsletter, through Unesco channels 
/and through the engineering education bodies be- 
Ingvasslsted by Unesoo. to stimulate changes In 
attltudies and institutions/ 

Sumifiarlzed description 
of the pi^oject 

A einall task force €i experts In multidisclplin- 
ary environmental teaching programmes and in 
hl^nan communication techniques will be charged 
, with drafting a technical paper on methods and 
techniques of multldlsclplinary environmental 
education. * FOr this aim the task force will meet 
8eve|*a)f times and visit institutes where such 
multlalsclpllnary programmes are being conducted. 

Work plan • ' ' ^ 

A second smsdl task force of experts in systems 
'analysis 'applied to environmental problems will 
be charged with drafting a technical paper on the 
' use of sy^ems concepts in dealing with environ- 
mental problems, in engineering education, v 

The technical papers of both task, forces will 
include case studies and will be reviewed by one 
psuie! of experts. 

Five institutions of which three will be in . . 
developing and two in industrialized countries 
will be selected for the pilot and demonstration 
programmes, selected from the fields of human 
«settleineiits, natural resources, ocean resources, 
and Industrial complexes. ' , 

These programmes will be located e^t engin- 
eering institutions where* there ^can be developed 
appil'opriate institutional structures for co- 
operation with other higher education unite, in- 
cluding social and political sciences, me^clne^ 
natural sciences and law. Consultants {Vould 
assist in developing and conducting each pilot and c 
dennonst ration prograhxme, 



p. CONTINUING EDUCATION FOR 
PRACTISING ENGlNEERdAND 
ENGINEERING TEACHi^RS * 

^ \ ' . ■ 

Background ^ ^ ° 

This part of the programme will be co-ordinated 
with work being done by UNIDQ, WHO and the 
Unesco Wc^rking Group on the ContiiSuing-Educa-. 
tion of Engineers. Most of the world's practis- 
ing engineers have been educated at a time when 
the interactions between engimerlhg works and 
the eiivlrOnment were less Considered t^y society 
thian is npw th,e*case. Irrespe<^tlve of the train- 
ing programme s^being developed with the environ- 
ment in mind for the present generation of stu-. 
dents the need is even more urgent for increas- 
ing the envlr'onmental awareness of practising 
engineers. / ' 

This is especially true for those engaged in 
educating engineers. ^ They not only want abetter 
appreciation of recent environmental factors in 
engineering practice, but they also need to know 
how to reflect therfe effectively in their teaching. 
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(1) . Workshops for engineering 
professors to strengthen the 
environmental aspects of " 
their teaching 

. ' " • ■ / * • 

Objectives of the project 

To explore and demonstrate how engineering edu- 
cators can develop their ability to inckide environ- 
mental content and insights in their teaching, 
to coUaboratb with specialists in , other disciplines* 
in^helr teaching and research. 

Summarized description "^x^ 
of the^ project 

Institutions in various countries will be selected 
for the project. At each institution a workshop 
for engineering professors will be held, each 
dealing with the environmental aspects of one of 
the disciplines- civil engineering, electrical 
engineering, urh^h. planning* mechanical engin- 
eering, chemlci^i engineering, mining and metal-/ 
lurgical engineering.. At each institution conqjul^ 
tants or the services of a sub -contracting insti- 
tute wojuld be provided for periods depending On 
the neecfs for each case* anc} specialists in other 
disciplines would participate. For eaph wo^r^- 
s hop, "^25'lteU^w ships would be prpylded to engin- 
eering educators froki developihg countries* 

^ Each workshop* whlfch will be prepared and 
conductecjl in close liaison with national envlroia- 
mental authorities and interested international 
agencies, will give ^n opportunity to the partici- 
pating educators to discuss teaching methods 
and to use relevant visual aids. Furthermore,^ ^ 
eminent experts in 'Jbfle^nv iron mental field will 
discuss latest devyiopments. pase material on 
environmental aspects of ei^gineering projects 
will be. collected for the worRftt^p and made 
available in a form usefUl for engineering teach- 
ing. After each event a report will oe drafted 
aQtd submitted to Unesco, and this aiyi the case 
jgtudles will be widely dissenni'nated.i 

(il) Workshops and seminars fpr practising 
engineers (In co-ordihating th^proposed 

^ activities, special attention wild be paid to 
the responsibilities of other aifencies in 
this field .> 

Objectives 

i 

To develop in pr^tising engineers attitudes that 
wll^^ielp them b^ttei^arry out work having en- 
vlrpnmental consequences. 

Worl^ plan 

The workshops will be carried out on a regional li, 
oj; sub-regiorfal basis vyhenever appropriate, as , 
national pilot projects. The subject areas will 
^be selected in consultation with governments, 
professional engineering ^ societies, and the re- 
gional associations "tor engineering education. . 
For each workshop a team of national., and, if 
necessary, internutional experts will be formed 
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to survey the needmof the prospective participants '\ 
and their employing organizations, draft study ' 
programme and organize the seminar. Where 
appropriate successive seminars may be orgajnkzed 
in several countries of a region. - " 

So as to have significant impact, a number 
of such seminars will be organized in each year 
of the 'Programme, with the topic, host institutions 
and timing being chosen to „cpnfbrm to local en- 
virbn&ei^^^^^^ ^ » 

(lii) Roving seminars 

,. 

Background and objectives 

i • . , . ^ • ■ . , ■ ;* . 
It had been recognized that there is a need to in- 
form engineers, practising and those engaged in 
teaching, of the environmental impact of their 
activities. This seems to be true of all countries 
and is es|[>ecially true of the l^ss developed coun- 
tries where the dangers and long-term effects of 
all types of pollution do not at this time seem es- 
pectWy 9erious, or at^least less Immedi^ely \ 
inr:^ortdnt than other constraints. ^ 1.^^^ 

It was agreed that a very useful ^gjnotioh 
could be performed by j^small^roup of experts 
leading a^ejaiinar'orMvorkshop in eac^ 
ce|i^re§rin regions where engineers are rela- 
IveXy f^w these centres could be in neighbouring 
coimtries* but isf redogntzed, that even. In such 
c<n^tries a particularly lai^e country would^ene- 
fit from the semi|iar being given In more than one 
centi%.' 

Description - * ' , 

'the tii^n^ of experts would, wherever possible. 



include at least one local ehgineer who has con- 
cern for the environmental impact of industry, 
agriculture, Urban concentrations ahd public ^ • 
services. 

The seminars would be arranged through 
engineering schools and national engineering 
organizations as well as national agencies in the 
field of economicr'^and social planning and environ- 
mental protection. One major purpose would be 
to draw public attention to envirobntental dangers 
and a second to inform ei^gineering teachers of 
the dangex^s and effects of certaUxprkctices, w^lbh 
might not as yet be weltx^cognized. ^ 

The seminars need*be vOfia few days duration 
pnly, to keep dowft costs bijt ajso to ^i^ble busy 
participants, 'especially senior ones, to attendi^. 
The discussions would be based 6n carefully (ire- 
pared material and areas would b^ singled out 
which are of local impdrt^ce. * 



Work plan 



The peripatetic teitox need not be l^rge and per- 
haps could consist of two exp>erts and an assist- 
ant, who/would ^e complemented , by the addition 
of a local engineer. Such a team c(^ld visit four 
centres in two weeki^, which might include four 
separate countries in some regiohs, and less in 
others. 

Thi^ method of implartlng serious and useful 
information by means of lectures^ case studies, 
discussion, and supply of bibliographies 'would 
seem to have strong advantages over and cer- 
^lnly complement other ways of imparting an 
appreciation of senisitivity of our environment 
to human activity. * . 
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ftULES OF PROC EDURE . 

(Established in accordance with the "Regulations^ 
for the general classificatibn of the various cate- 
gories of meetings convened by Unescol^', as adop- 
ted by the General Conference at its fourteenth 
session, 14 C/ Resolution 23. ) ^ 



L PARTICIPATION ^ ' 

Rule 1 - Chief participants ; * 

The chief participants shall be experts selected and invited by the Director-General.of the United 
Nations Educational, Scientific and Cultural Organization (Unesco), They shall serve in a private capacity. 

Rule 2 - Representatives and observers » 

Representatives of tfie United Nations andlorganizations of thfe United Nations system an4 other in- 
tergovernmental organizations which have concluded mutual representative agreemerits with miesco and 
observers of international organizations invited by the Director- General may take part in the -meeting, 



without the right to vote, and subject to Rule 7, 3, 



IL ORGANIZATION OF THE MEETgNG 
Rule 3 - Terms of reference jit 



Th 

figuring 



e purpose of the meeting is to *6ubmit to the Organization suggestions or advice on Jthe matters 
on its agenda, • ' ' 



gendi 

Rule 4 - Elections ^ , ^ v 

The meeting shall elect a Chairman, one or more Vic6-Chairmen and a. Rapporteur. • 



III. CONDUCT OF BUSINESS 

Rule 5 -^ Duties of the Chairman 

Thp Chairman shall open and clo&e each session of the meeting. He shall directrthe discussions, 
ensure observance of these Rules and accord or withdraw the right to speak. He shaiy rule on points of 
order and, subject to the present Rules sh^lLcentrol proceedings and the maintenance of order. He may 
ascertain the sense of thfei meeting and shall, if i^ecessary, put questions to the vdtQ. / Th9 Chairman shall 
not vote. 

Rule 6 - Acting Chairman 

If the Chairman is absent or unable to attend, he shall W-rts|te<^d by th^%icj^-CH^^ act- 
*i|ig in this capacity It shall have the sattie powers and duties as the GhaVw^an* ^ 




Hiile 7 - Order cmd tlnie-limlti^f speeches 



■•\., 



7» 1 The Cfeatrman dhali call upon speakers in the order in which they signify the^^^ ^ f'Q^^ 

O I ^**or the convenience orlthe discussions, the Chalriman may limit tl^e tiine ajlb^ to each speaker^ 

consent 9f the Chairmati muat be obtairi^^|^reharid^^^ rejpi^^tat^^ or an observer v 



Rule 8 - Working languages* . , . 

English and French are the working languages of the meeting. Interpretation and documents will 
be provided in these two languages. 



ule 9 « Voting ' , . 

9,1^ The Chairman of the meeting shall summarize the general import of the discussions. If one or 
more of the participants referred to in Rule 1 are not in agreement with the conclusions, their 
views and the grounds therefore may/ at their request, be summarized in the final report of the 
mee^ting, . - * 

9. 2 Decisions requiring a vote shall be ad/pted by a simple majority of the participants referred to in 
Rule 1 who are present and voting. V# • 



9. 3^ For the purpose of the present Rules, the expression "participants" referr'fed to in Rule 1 who are 
present and voting, shall mean those casting an affirmative or negative vote. Rartfcipants abstain- 
ing from voting shall be cojisidered as nqn- voters. \ ^ 



9, 4 When an atnendment to a proposal is moved, the amendment shall be voted on first. ' When' several 

amendments to a proposal are moved, the meeting shall first vote on the amendment deemed by the 

presiding officer to be the furthest removed in substance from the original proposal, and then on ; 

the amendment next furthest removed therefrom and so on. until all the amendments have beenput 

to the vote, ' 

,* ' ■•' ' ' ■ ' . . . ' 

9. 5 A motion is considered an amendment to a proposal if it merely adds to, deletes from or revises . 

part of that proposal*, ' * ^ ' 

Rule 10 - Report of the meeting - ^ - ^ " 

^-^ '. i.,* ' - „ 

The conclusions reached by the meeting shall'^be embodied in a report which shall bWstr an sm lifted « 
to the Director-'Ceneral of XJaesco, j 

■ ■ ' ■ ■ ^ ■ ■ \ 

IV, SECRETARIAT OF THE MEETING . . " >^ 

' ■ Y . ' ' • ■ • ' 

Ryle 11 - Secretariat ' 

The Secretariat of the meeting shall be provided by Unesco officials and consultants appointed for 
that purpose by the Di rector- CTenefal of the Organization, 

Rule 12 - Duties of the Secretariat- - - 

The Secretariat shall perform all the work necessary for the smooth functioning of the meeting. 

Rule 13 - statements by the Secretariat " j# * ^ 

The Secretariat may at any time, make to the meeting either oral or written Statements concern- 
ing any question under dis^*tission. > ^ , 
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OPENING ADDRESS BY MR, J, M, HARRISpN 
ASSISTANT DIRECTOR-GENERAL 
FOR SCIENCE 




^adies and Gentlemen « 

It is with great, pleasure- that I am able toAyelcome 
you on behalf of the Director- General. It is our 
wish that you will have an interesting and produc- 
tive meeting and a pleasant stay in Paris, 
hiiye attempted to provide the facilities and made 
airman gem ent is requisite to the fulfilment o£ these 
\fishes. If, however, we have overlooked "any- 
;/ thing, please let us know so that we can do what-** 
' / eyeir iS necessary to facilitate your activities, 

, U has 
b^en over the years and presently is involved in 
a large number of activities that can be described 
; by the three critical words in our name: educa- 
tiqjial, scien?Tite>^cultural, These have included 
a |[reat many environmental considerations. It 
46es not require a very thorough examination of 
the wofj-d's environmental problems and their 
solutions (achieved and potential)^ to realize that 
all three of the areas delineated our name must 
bie ffm braced. Cultural factors frequently dictate 
•t|ie manner in which environment iV used or mis- 
^ usQd - scientific advances hav^frecjuently been 

^ the basis of technoJIjOgical applii^tions thai ha^e 

:c)janged the environment - but usijially it is sci- 
*en<ie and engineering that also hold 'the keys to 
repairing damage previously done and preventing 
fut^ arid in all cases it is education of,., 

^"?"N,.^jp»Cengiheers, as well as tike architects, urban 
pl&iners, ecologists and others directly involved 
;iin^lihe environmental management process that 
■miist prepare* the. people who can undertake the 
/ r|i^u ire d works. One of ^your tasks here is ^o 
^ s^dy the relevant educational needs of young i 
eligineers being moulded for theif careers and 
^0 needs of older p^ractitioners whose formal 
ei^cation may have been completed in years past 
Vwhen, admittedly, environmental concerns did 
ftot receive the present due degree of attention. 

The United Nations Envirbnihent Programme 
lhat was established following the Stockholm Con- 
^ l(!^ence of 1972 has recognized such needs and 
' ■ has entnjstWd Uriesco to assist in studjring the^ 
* problenis cAd working to^ya^d their solutions, 
fldtjtttion to contributing to the financing of this 
rVJr^^^^' UJiiBP hae* to date, agreed to. support 
tKlL in the field of ^ 

. , ™^^^eerlng Education. One is for holding 




Asian Regional JVqrkshop on Environmental Train- 
ing>©f Practising /Civil Engineers, The objective 
of this project ^^Jio demonstrate the possibility of 
environmental trainin]|7^'©*i-4^£^glonal 6r national 
basis, of Civil Engineers in key^ positions, where 
they are involved in the planning and execution of 
major works, ^r concerned with regional and ur- . 
ban development, * 

The' second is for Environmental Training of 
Engineers in Institutions in Developing Countries, 
This project will create pilot programmes offetudy 
In two institutions^that have received or are re- 
ceiving'a^istance from UNDP, The objectives 
are to show that traditionally organized ^gineer- 
ing schools can, without great. marginal costs, in- 
troduce a coherent and successfuXorogramme of 
basia environmental studies. In Unesco's future 
. projects, included tKe^two just mentioned, the fi- 
nal selection of the content, level, and mode of 
presentation will be guided by the results of your 
deliberat4pns and recommendations he^e thisw^ek. 

In addition to these Engineering Education oH-^ 
ented projects that pertain to the environment, 
Unesco has been, and is, involved in numerous 
other activities that relate directly or indirectly 
to the environment, especially: 
the l\*an arit-the Biosphere Programme (MAB) 
which is an intergo^ernipental and interdisci- 
plinary programme of research, emphasizing 
' an ecological approach to study of the interrela- 
tionship between man and ^the environnrient, 
and to problems relating*to regional use and 
conservation of the resources of the biosphere; 
the International Hydrological Programme to pro- 
vide a scientific framework for the general de- 
velopment of hydrological activities to include * 
hydrological cycles, asis^efesment of water re- ■ 
sources throughout the world, the influence of 
man's acti-^ties on the water cycle, to promote 
the exchange of information, to promote educa- 
tion and training in hydrology and to assist 
Member States in the or ganizatibfn and develop- 
ment of their national hydrological activities; ; 
Marine Sciences etiidjLes and research to promote 
regional and national; capabilities in managing 
^ the coastal envirdnment and support the trans- 
fer of information on marine resources and their 
managennent, , > . 

Alsq^ of importance i<|^ the work done 6^ Earth 
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Science project. Solar Energy and many other 
technological and scientific areas. 

In January 1974 we hosted, her^ at Unescp 
House, an experts nneeting on Environmental En- 
gineering. Copies of the report of that meeting*^ 
hav0 been distributed to you and should be of value 
to you in ascertaining some of the directions en- ^ 
gineering work is going and thus may suggest to 
you the education and t^^iining needed to provide 
professionals to carry out the work. 

In the p^st, consideration has surely been 
'given^to environmental factors in the education 
of engineers and their subsequent works. These 
range from the ^vious, as in the activities of 
civil and sanitary engineers whose engineering 
works have solved basic ^viron mental problems. 
Less obvious perhapB are, for example, 'consid- 
eration for effects of impounded waters from the 
construction of dams; routing of highways, to avoid 
disturbance of wild life refuges and natural beauty 
spots; and of course structural and architectural 
design of buildings to provide comfortable living 
and working space while preserving the aesthetic 
appeal of the surrounding environment. 

Chemical, electrical and mechanic.^ en- 
gineers too have learned to be qdncerhed about^^-^ 
the environment in siting plants and designing 
them for minimization of smoke and other pol- 
luanllij wastfe heat utilization afid reduction of 
noise. Th^ list could go op, and it must be ad- 
mitted that in the past, 'the environmental don- 
cerns were frequently a reaction to external pres- 
sures from the community, or a by-product of 
overriding technical and economic factors. 

^ The present situation regarding the training 
.of-englneers to participate in the solution of en- 
vironmental problems still seems to stand as a 
rather complex one. 

On the one hand some educators and employ- 
ers of engineers advocate 4he establishment erf ^ 
post-graduate programmes in environmental 



engineering, usualiy following exposure to basic 
environmental studies within the traditional 
branches of engineering at the undergraduate 
level. . 

On the other hand there are tendencies to- 
wards the creation of undergra^ate degreetpro- 
grammes in environmental engineering from the 
beginning. ^ 

Although it seems cleTar that there should b^ 
a basic environmental component in all types of 
engineering and technological educatibn, the above^ 
mentioned problems appear important for Ur^escofe 
futtire programmes and I hope that the meeting 
will be able to provide us with illuminating think- 
ing in 4his respect. ^ 

The time has novi: pome, however, for the 
en^neer to be imbued, during hi^ training, with 
the importance of the environment as an integral 
element in all of his design, opei'atihg and liiap- 
agement decisions thrdughoiit^is career. 

We thus look to you, through this meeting, 
to provide us with guidance ori what action should 
be taken by Uneacp, UNEP, and othei* organiza- 
tions, as well as by our Member States, to face 
up to this new situation where environmental fac- 
tors are becoming so impprtaijt' 'ffi'TH&Sfpi^ic^tion 
of science arid technology. You may wish to m£ 
specific recommendations about ^urrifeula*, you 
may wish to propose new institutional stmctures, 
you may \yish to suggest areas where regional and^^- 
intfernational^^p- operative action is required. 
, I am pleasedv^o note the representation of our 
sister United Nations (^rganization as well as you 
who represent other international organizations 
concerned wilh education, engineering architecture, 
ecology, etc. , all <jf which and other fiej^s are of 
importance to the deliberations in this particular 
meeting. ^ / 

I wis Fi you successful and productive working 
sessioyjs, and I look fbrward to your ponclusions 
and recomrffendati^ns. ^ ' ^ 
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SUMMARY OF THE ADDRESS OF THE' DIRECTOR 
Of THE DEPARTMENT OF ENVIRONMENTAL*^ 
SCIENCES AND NATIONAL RESOURCES 
RESEARCH*^ . 



The Director of tb^ Department of Environmental. 
Sciences and Natural ResourcH? Research, Dr.M. 
Batisse, reviewed the overall Unesco programmes 
related to "the environment. He stressed that 
Uoesco^had hj^en interested ifl environmental mat- 
ters since its earli«^st days, as shown by its pro- , 
moting the creation of the International Union of 
the Conservation of Nature (lUCN) and its now 
completed Major Project pn Scientific Research 
on Arid Zones. He tl]gn described continuing 
areas of activity such as hydrology, mineralxe- 
sources, oceanography, and more recently the 
interdisciplinary programmes entitled "Man and 
the Biosphere" (MAB). He stressed th€^Jimita- 
tions imposed by the Organization's budget, such 



that it was not possible for it to finance major 
research programmes, but rather to. play a r6le " 
of co-ordination and stimulation of international 
co-operative activities. In this e gar d, he^wel- 
comed the ayailability of support^from UNEPfor 
projects involving substantial financial expendi- 
ture, such as regional training centres in ecologi- 
cal fields. Mr, Batisse, concluded by explaining 
that education tnust be a major part of many en- 
vironmental programmes, including the training „ 
of specialists such as engineers, architects, ur^ 
ban planners and^other professionals such as 
economii^ts, and underlined the need for educa- 
tion for public understanding of environmental 
^issues. . n 

\ 
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AiDDftESS BY DR, A; MANOS, REPftESENTA*^IVE 
OF TH^XECUTIYE DIRECTOR OF THE \ 
UNITEDNATIONS ElilVIRONMENt AL PROGRAMME 
(UNEP) . • ■ •■ . . |.-' ^ , „ I 




Ladies -and Gentlemen « V 

• • * ■ ' . ■ ^ ' ' " '^ ' ■ . . ■ 

It is a privilege to be here today and to bfingyou 
greetings from Maurice F. Strong, the Executive 
Dir factor of the United Nations Environment Pro- 
gramme. 

.^This is the first joint activity between Unesco 
and'UNEP at which our Secretariat is bejing repre- 
sented* It deals with one of the subject matters 
to which the Stockholm Conference on the Huvnan 
Environment and the subsequent two meetings of 

. tJNEP's' Gtxvern\ng Council gave great importanj^e. 
- The Declaration on th^ Human. Environment, 
drafted at Stockhom and adopted by the General 
Assembly of the United Nations proclaims that 
"in the long and tortuous (evolution of the human 
race on this planet a stage has been reached when, 
through the rapid acceleration of science and tech- 
nology, man has a^quix'ed the power to transform 
His environment in countless ways andf on an iin- 
pxWedented scale. Along with* it, the capacity of 
man\to improve the environment increases with 
each passing day 

Tnfe Declaration further states, in Principle 18 , 
the common conviction "that science and technology; 
as part oi^their contribution to economic and so- 
cial developnfvent, lil'iust be applied to thfe identifi- - 
cation^ avoidance fiuiT3 control of environmental 
risk and the solution of environmental problems 
for the cdmmon good of mankind". 

^ Recomm endation »^ of "fhe Stockholm ^onfer- 
ence^ c^s for the establishment of a programme 
to train and retrain professional workers in vari- 
ous disciplines, at various lev^s and recommer 
to Unesco and all the organiizations corntenied tc 
develop their activities in studying aesir able in^ 
novations in the training of specialistsT^dad tech- 
nicians. 

My brief remiarks are not Intended to % a 
technical contribution to your discussions but'tor 
Bring the "view from Nairobi" iii order to place 
them in the persj)ective of the UNEP programme. 

4 The broad mechanism of man's impact on hjis 
environment involves three levels, the govern- 
ment or decision- makers, the technical specialists " 
and the public at large. It is easy to see that 
meimbers of the engineering projfessions play a 
key r6le at e^ch <^f these levels; 

as public official^; ' /r-f \2J^ 



as techniciaafis^ their respective fields; 

as enlightened^ membei% of the puUic ifend opinion 

makers. * ■ * 

Professionally, they can cpntf ibut^ to a better en- 
Yironment In several cniclal ca]pacitie^: . 
acting as gover^m^t officials ihey should be abie 
■ ta initiate public action^. s^s> the :ones who drajtt 
laws and regulations. Xl^eir studttes wiU p^^^^^ 
mit the political process to play with better 
. »v knowledge of the possible alternaitiv6s; « 
acting as planners and'tbuilder^^* of Infrastructui^e 
they should be able to consider the consequences 
of trieir wcK'k in a longer timie per^pe<itive, wider 
space dimensibnvand from the points of vi0w of 
other disciplines as well; ' ^ 
acting as working engineers they shbuld be able to 
consider the implications of alternative technol- 
• ogles ^n scarce and non- renewable resources 
and be able to foresee, not simply respond, t6 
Outside challenges which ai'e pdsed, e. g. by 
the energy crisis, high labour cost short- 
term materials shortages €Uid others. / 
If these rdles of the e ngin ee ring prof ess Ion are keptv 
tn mind a few points can already be noted with re- 
gard to education and training. . . • * 
The first is that the growing pre- occupation 
with environpnentcd concents will create m addi- 
tional demand for engineers. Can one attempt to 
quantify this demand in the ln<iu£^trlallzed and the 
developing countit*ies and draw, some conclusions 
as to the training facilities required? \V ^ 

Secondly, the training or recycling of practiSr 
ing ehgineerd and the Education of engineering 
students each call for suitable techniques. What 
additionai research is necessary. What are the 
successful experiments that can be duplicated, what 
i recommendations can this meeting moke as to the 
structure of' curHcula?;:\^,.^.;.'^^,\;^^'^^*^^^^^^^ \ ' 
Thirdly^ environmentaJ managemc^^ 
4^ve to be better ^ defined. In order io do so UNEP 
ims^^m missioned the Mas sachus setts Institute of 
T e chnblo gy td s tu dy w h a t are the va r lou s rdljea 
Which must be performed fpr effective epvironmen 
tal management and what are the bodies bf i^owl^ . 
edge that underlie it. ■ * V • ; 

In conclusion^ the probleinrt we face is\ to glye 
^engineers a broader perspective from which to ; 
see their wotk not just as a series of problem 
solving exercises. They cin-contribute a^great 



deal to a fundamental reappraisal of values and 
must take sides on specific environmentalissues ' 
where the potential for conflict is high. Conflicts ^ 
will be resolved within the local, the national and 
the world community, always keeping in mind 
.that thiere are outer limits to development and 
change that conditipp man's survival on a small 
planet~ ♦ V 

^ We in UHEP Ipok forward to, ^ and starjd ^ 
ready to finance, detailed recommendations for 



action that will stress hot only the technical and 
, economic^omponents in the education and train- 
ing of engineers, but also the effects of technology 
upon the earth as a limited life- sustaining sys- 
tem , its effects on human health and on theWhole 
series of imponderables that constitute huryan hap- 
piness, nothingless- in^fact - than a marriage of 
the two cultures which is the very^special vocation 
of Unesco; * © 
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baxlies and Gentiemeh-,. • i 

The^ Assistant Directop- General for Sfcience has 
already introduced you to some feature^of Unescote 
acitivities.\injhe' field of natural sciences and 
their application to develdjiment, particularly* 
as regards environmental quality pr#servati&n 
and* the 6rganization»s co- opeiration wjth the re-^ 
cently created United Kations Environmental 
Programme (UNEP). , > y 

I wish to briefly give our distinguished par- 
ticipants some addit'idnal elements which I hope 
would useful for their deliberations on the ^ * 
work of Unesco in the area of engineering and \ 
technological eJiicatibn and training. '^TheTimple- 
'mentation of this part jpf the progranime is the 
responsibility of our lii vision of Terihnologicai 
Research and Higher Education, which, deals in 
^the broad field of educatiofc and research In the '* 
applied sciences. <^ ^ ' 

- From the early stages of the development of 
Unesco*s international do-operation activities 
• the^l^ld of basic and applied science, piartic^lV 
attentibn lyas given to the needs of Member ptates 
.in the field df ^engineering education, Puring th^ 
50's decade, advisory services were provided to 
developing countries at their request and within 
the limitations oi me available budget of Unesco 
as'^ell as of extra- budgetary^ resources - • for 
partlcufar problem! in the expansion^ and upgrad- 
ing of their system\of engineering and l^igher 
^echnolc^gical educat%h. r 

The decade of th| 60»s i^s marked by the in- 
fer easing a vailability4o theOrganiscatiqn of re- " 
source$ putside its own Regular Bu^dget fronnltfiie, 
United Nations progratmmes bi^ t^jrfmical co- 
operation, such as thj5 present compreh«^nsive^ 
assistance scheme known as the United Natiofis 
Development Pro grarii me. * 

. Under such extras bud^eiary fiijanc^ 
in response tS the urgent demslnds of iClemb^r 
States - was ablf^o lauhchand consblidate a siz^< 
-able"*fertterprise' consisting of Integrated projects p ■ 
/^iimed mainly at the creation of new engineering * 
and other higher technol9gicfW education institu- 
tions and to the expansion and reform of existing 
ones. Mettibe^ Stated* institutions ^ere thus able 
to rpcelve i^ignificant assistance in the form of 
services^of international expert personnel, 

' . ^^^^^^ 
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fellowships for" the ^raiiilng abrbag of niatiotial 
teaching and research staff; labor &toiry^ coinputer 
and library /equipmertt; bibliographical material; ^ 
and", ^ some instances, sub-contrjacts for sper 
cial technical services. Such inputs fiftded tp na- 
tional counterpart contributions in sMM/ buildings 
and locai financing permitted to develop a signi/i- 
cant; pari ,of the institutional strjictlire needed fort' 
this typei of educatioh in more than 50ycpuht];ies 
in ail i;egl6njs of the world;' i * ' 

. In addition, International co-operation activi- 
ties. In th%field of e^^^ and te^Hhqlogj^al " 
ducatlbn^ Unescp's Regular ^ Programme 
liave permitted to establish diraypt workingt^^^^ 
ships with institutions In practically all Member . 
States, specially developing countries. Our ef- 
forts^o create and strengthen regional mechanisms 
for CO -Operation in engineering education are an 
important feature of this work, tod one in which 
a number of you hsive playeiJ leading parts. ^Also/ 
under olir Re^gular Programme, we have interna^ 
tionaj working groups actively examining. problemls 
that we regard a^ priprities^/sU^ch as curricula de- . 
eatgn, cQiftinuing edu^tion^and echication - Induatt^ ' 

CO- operations ' ' 

^. Talking npw mot*e 5^bout,the present, leiriihe 
^|iy that engineering tod tectaological educatipn . 
iii the decade of thie ?0's is characterized dedpite 
continuing needs* for quantitative expansion >- by a 
crisis of quality, of nee^s for liinovatioi^/ under-;" 
lined by tl&.growingly urgent demands pf societies 
which* ar^ qpder goin g an accelera.ted prbces s 6f 
change. > 

The r e f oV^ , ;the p r obi em s which yoii ^r e npw 
called ip eic&mine a»i6 adyidey^iei Orgtoi^atton 
about, are coi^plW and fascinitm ridh ij^ philp- 
sbphicfii l^plreationSj and^4^ %s miich in- 

sight to com e fip0m thi^ socio- hucbahis tic disciplines . 
aj^^om the scl|nUfic tod ones, I think 

is so if onT^^ejMiuse tke^^^ 
sanii^ titxye~th8^^ enVironroenti 
concerning the edldfc'ation anq training of humto^^^^ 
beings/,;: ;' v,.*i|^-^'^^ - 

; Therefbre, j; wish #0^ invite y9u.t9^ give 
sidet'ation among the factors ^ of msLjo^^^ impqrtiBunc^ 
in your discus^^ns/ to-lR^fect ^at tile pi^ga^^ 
tipri Wks i^tquir ed iex p e rienc!l5 to d e s tablis Md ilblid . 
relations \of co-op er with gbvernments to 
iiistittitioite - aiJ I already saldj especially in \ 



l^l^yel >ping countries on the basis of the efforts 
^ilfri^doutinthe^SOVaW financed * 

pro^e its iry engineering technological education, 
\ Iftelij^Ve that the|tm 

to respond to ne^as i^n Member States for the 
KnojdefniiatioA of th^iir en^^ andUechnologi 
cal| ^ducffltion ciystyiifisl^ ^ ^ dense the irvtro 
?f envitronmeni^ sidles can be an* inno' 
far- reaching consegliences. 



duotioh i 
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The existence of our network 6f Unesco assis- 
ted engineering and technological education institu- 
tions cpyWoe an inter^^stttig point of departure for 
the n^any Activities which the Organization should 
* n the future, 

ionfident that with your competent advjic 
ramme will grow tp become a meani 
tjie Qrganization ^o th^^eed^ofj 



undertake 
1 am 
feuch a pj: 



ful res pone 

Mefenbfer Stlg 
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Annex V « 

THfc ENVIRONMENT AND 
ENGINEERING EDUCATION 
by L.J. McisTERTMAN* 




The engineer And the environment 

* • ' '' 

The growing conipern for the state of the human. ' 
environme nt ha8__anJne£fiasing influenc^e opyna- 
ture of the engineer 's responslbiiitieg, .' Conse- 
quently^ the time perspective as Well as the scope 
of his \^rk is changii\g. Where in the past his 
primary aim was the well-being of the present 
geperettion. he will now also haveato^consider 
hi& influence on the living conditions of future 
generations ajod-^riTen oh the possibilities for 
mankind to offer its members also In future a 
life in hum aa dignity. The insight has grown , 
*'that the Interdependency among the consequences 
of various engineering works and between these , 
works and the state of the natural environment 
is much stronger than was assumed In the past. 

ur^s^about unfavourable or unwanted environ- 
mental consequences-^oiL^ngineering activities 
have caus^d^thB^general public-to^ become nioi:^ \ 
critical about the' engineer's activities, Inalmostv 
£^11 countries of the world this public is better in- 
formed than ever before. The belief in the value 
of the advises of professional experts has decreased. 
Each engineering organization will have to inform 
the public onjhe en vironment alj;;.pnseqviences of ^ 
its activitt^s SKugll c pa r t i c i pa t ion in decision- 
making becomes esse|)tial. / 

In considering the impact of the^environmental 
concern on engineering ^edu^at ion these cireum^^^ 
stances should be kept closely in view. Theywill. . 
therefore,^ be treated now more in detail. 



Multidisciplinaritpr < . 

Dealing with i^elatively narrow areas of knowledg^.jf 
as separate entities has made great contributions^ 
to^the rapid advance of technology. It has le.d. 
however, -at the same time to neglects in the 
consideration of interrelationships and of long- 
term effects. , V 

The state jof the human environment is deter* 
mined by many tightly interwoven factors. So-, 
ciety responds to changes in these factors \x\ a , 
variety of ways. The diagnosis of environmental 
conditions, the prediction of the ways in which 
' they are influenced by the engineering works and 
O „he management of environment- related processes 
E[^C therefore; concerted action from various 



) 




discli!)ljjies. Ho^.'W^ganlze such Inter disc i- 
r plinary studies and aimxKis Is still largely un- 
Sknown. Although those^^rtlclpatlng in such 
^ studies should have a wld^^^^ugh general sci- 
entific background. multldlscltAiffiiarlty Is more" 
. a matter of attitudes than of variety of info r ma- 
t ion. One cannot cons y.eV. e. g. a teaching pro- 
gramme for architects In which subjects as 
biology, social and political sciences^ preventive 
medicine, etc. are taught to be multldisclplinary. 
however usefuLsuch a wide orientation will be. 
Multldlsclpllna'rlty requires that. people from 
different l^a<^g rounds learn to work together In 
the^^frftfflon of specific problems. They must 
~:&e'^yg^to listen so well to others that their con- 
tribution will be well- concerted with the contri- 
butions from other angles. They should further- 
more be able to express their ^wn viewpoint In 
such a way that others can easily grasp where 

connect. • This Is not a very e^sy task. Often 
multldisclplinary teamwork results In super- 
ficiality. It is an established fact that mostj^ 
p<3ople perforni best when they work In a relatively 
narrow framework, aimed at well-defined targets. 
Professional university training has Imposed for 
each different speciality a specific conceptual 
framework; those having studied a specific?; type 
of englneferlftgjiave been Ixpbibejji with a sfieclfi6 
methodology for coming from obsetryatlonal data 
to a aet of conclusions and proposals.^ 

The existing trends to\yards more speciali- 
zation In engineering canilot be arrested. De- 
pending on his envlronmiental responsibilities 
the engineer will, however, need, a broad basic 
^ knowledge and the attitude necessary for multi- 
disciplinary work. This attitude cannot be acquired 
by listening to lectures; It should be exercised.^ 
For this purpose material is needed for relevant 
case studies. The student from each of the vari- 
ous participating disciplines will have to prepare 
his part before the communications session be- 
gins. The teacher who acts ^s convener of the 
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Professor of Hydraulics, Delft University of 
Technology; Dire c to r^ Netherlands Univer- 
sities F;ou?ldation for International Co- 
operation, .ben Ila^^g; Director, International* 
Courses In Hydrauljc and Sanitary Engineer- 
Ing/ Delft, Netherlands. ; 



seMions should tti^v^agood fS^liQg for s;^thesis 
and he should not ti^wHnapregslrrt^wn vies^- 
piiilts upon the group. One should not-^e^^ect. 
however^ that ah ideal multidisciplinary g: 
can be formed. 

The question would be justi^fied whether this 
jnultldisciplinary work would not generate a new 
interdisciplinary environmental science or tejch- 
^.jiology. The history of typically Int 
ary «ciences narrowly related to the envi 
as ge«griphy, .. shows how contributions from 
various angles have ultimately been welded to- 
llether into a nfew j|aisCipUner^itb6ut doubt new ^ 
interdisciplinary Sciences related nH^ecific en*^ 
vironmental technplogies or to spepilic problems 
of environmental j^oncem will start to appear in 

3e coming yearsy The n^ed for all-encompassing 
ultidl^ciplinacy enviro'iunental Wtudtes — and-I — 
actions will no/ be feduced^^but posi^ibly even in- 
creased by such development^. 




Basic envirOqmental snbjecfs 
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Participants in multidisciplina^ environmental 

' teams should be^famiUaV with a number of i^cta 
iuEid principles from b|isic disciplines as biolog 

/ meteorology, geology and geochemistry. They 
should fiirther become aware of the nature of en- 
vironmental risks by reading oh a few cases of 
imfayourable-'j^^^ pf human. actions. One 

should' not^ehgage, however, in the formal/ion of 
a well-roundied generalist as they ha>^ existed in 
the Renaiss^ce.^ « V 

Verjr much 0)^ thil^ basic mart^er ^hdul'd- and 
could be taught at secondary^ level. As the en- 
gineer's works mayTptve a great impact on the 
environment he should knt^w more about general 
environmental subjects than the average second- 
ary school graduate. ' > 

These basic environmental subjects could be 
iilfroduced info the engineering curriculumJLn^ ^ 
various ways . A^uch will dbpehd on the philosophy 

. of the individual college. Spzhe would try to teach 
these subjects in a for Anal course including exaip' 
inations. Others would prefer to 'ma^e them part 

.^f a ^'general stydies'' programme' conc^ucted 
pbfJrallel to the main course. In many cases , it 
^'Wpuld-notHbe necessary to cover all basic material 
ia series of lectures. Many excellent and very 
readable books haye^been- puttlished tod also 
public kiformatioh media and the professit>nal 
press are giving good reports on specific cases., 
One 'should strive, thej^fetbre. at limiting^class 
instWc'tion oitty tOk^ubjects that recju^ 
teacfiln^ because e/^^l^botyatory demb^trktions 
or individual labox*at6j^4viprk dre iliBedeil.^ ' 

Teaching basic enviro^eiital subjects' in the , 
tirst cdll€^l^6 yeeirs tnight be cOnsiderield by some 
as b^lhg undesirable because it interferes with 
the formation of the nialn subject, introductio.n 
of them at the end of the course or eyyen a 
social poert^graduate (bourse will Kave' tHe ad- 
v^t^te 6t dtudeiritd with more maturity . Taking 
the enviromnental subjects ih the first ^eara^will 
OA the oriher lii^d enabllHeachet'd^ in thi^ ^strioud 
apl^Ueii^^ 'eiiglbfie^i'iiiig subject^ to reifet to this 



j iTi many countries the scope of introc^otory 
environmental subjects at college level could be 
reduced after they have been better developed at 
secondary schools. 

Systems concepts , « 

* 

^Por a future historian of science it wdtild be an 
interesting task to investigate in How far the 
advent of the electronic computer a few years 

the world-wide awareness ^of an environ - 
mentarx>a]vcern is a mere coincid^nc^^ In any 
case the codl^(U|;er has made possible 
tions which contributed largely to oiir insight 
that society ^might face an environmental crisis. 
Many environmental studies could hardly be per* 
1 formed without computer assistance. Predlct-^^^* 
lyig^|mure statec of the environment require^ the 
Uji^iicationorBt nulationtechnique s . In the study 
\of environmentEil ^systems^inany variables and 
pkrametei^s from nature and frpm society are ' 
simultaneously, dealt with. PaUiw^ys and dis*' 
persicb of pollutants in surface ancf underground 
waters and the air have to be studleo^tn detail.' 

The formulation and organizra:oi;i of compli- 
cated problems in a ijorm fit fo^/the con^i^uter 
has led to the systemis concept/ ThlKhas been 
widely applied to physical s/stisms and to the 

;^agei|ient of industry, v StiU much has te^e 
dOneTSef orV systems ^j^naly sie^ will be weHapplfc"' 





able to e^\dronmentaI~~~>£tu«^on€ 
tjsphere iii which commonly social variables 
a rOl9# One can readily assume that this will be* 
the <^se within a few years. ^.The engineer with 
environmental responsibilities would then need 
sufficient insight in systems an^ysis. 

The ide^^ behind the ^sterns concept can 

• best be assimilated ^en thei^rarertaj*^ 
early age. They should, therefore/ belong to 
first-y^ar»s dolleges programmes together with 

^numerical methods and computer' programming. 

^fldi^ advanced applications can be studied later. 
Fbgr many engineering students who- later 
have to tkke^ responsibility for environmental 
management this will have to be followed by 
courses in operational research and ii| ihanage*^ 
ment method^. ^ * ^ 



Public participation ^ ' 

It; dbaling^^;;gjith envirdilin^ntal matters, the en* 
^giheer should not tak^^ defensive cdnservatibnist 
attitude^ btit have a'fngJ^e cohstructive postMre^^^^^^^^^ 
His ideas should, however, be acceptable to the 
general 'ij^blic. ^ He wUl only; be abje ip: Vbtatn 
this consent whetihe sdcceeids in convincing others. 
Members of the genei^£4P!^f;^U^^^^ hdwadays well 
aware, of dnVir onm^htal#i6ue^^rtainii|g t their 

own eilvironm^nt. The ieti^^ wilr^btayvb^ 
credible if he sh^Dws.tiiat he%as stucflled tjie vkik^ 
ous-si.de8 Of an enVironmehtal istiue and is aware 
of which intlreiSts cdulft be involved, tte shotiW 
kn0w ho# tS ^fcl^iiii^ 

decisio'n^:aklng4ihd ho% t6 co&m%Mcate witfi' ^^ 
'the ihfori*i?rf"la^^.: ''[/.y^ - ' ' '^''^ ' 

• ^ Testtbo^ks oft^h dtjial witit exsunples fi^om^ai; 
littiited part of the \/ot*l% pairt^culariy si few - v 
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industrialized countries. The engineering student 
would widen his perspective and at the'same time 
serve bis community when h^ would work out in 
cdttagg^envii;onmental cases frpm his own sur- 
roundingSv^ .Classwork conducted in taek-group? 
of students, teachers,^ and persons from outsi&e 
the univjtrsity>cai\ increase the student's ability 
:t)-operate. Publication of the results of.sucl 
stucUes n readily assimilable form wou|[d consti 
-tute a s€ rvice to the community as long^as imbal 
ances bettweeit various viewpoints and interests' 
are avoided. // 

Here again it is not in the first lilfi^ a matter 
of theoretical knowledge of communic|ational tech 
nlques, but bf the right attitude. A sensitivity 
for the desires and the possibilities for others to 
participate can^pnly be acquired by direct con- 
frontation withHhe issue. 
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The e nv i r cmmentl^agd e ng i nee r i ng ^ 
education ~^ 

Multidisciplinarity^ the use df systems concepts 
^ey^d pijiblic participation belong by~no means ex-vv 
clus^£\rely:>.tQ^nvironmental management. They 
are applied tjo aT^-fowing^xtent in a| variety qf 
enjgineering fields. ' Adapta\Xofrp-x>fL^^JC^ 
^^rricula to environmental reqUj^relnents •wlir^^ 
thb« rnfeke them at the sdme tim'^^ore ^jyitable 
for ^^erjieeds felt by modern society. It would 
be wor:,th.Aa?hiIa^»ia»^tigatP ihnw thfejritroductioi 
jDf the above "concepts in a specific curricUlu 
could be adapteid to-:€Wva_aaL t)nly th^ enyir^n- 
mental aspects but also the main engineeri 
subject for Whixih the curriculum has been/de- 
signed. One would also have to consider/how 
-far_ the division of engineering into specific pro- 
^jf€ssiona^km"oflles,^\^ich Have been generated in 
an ongoing^^yxpce^BS thatS^sts already for more 
than a centuryv would be infliletiQed by such 
developments. \ , 



Types of environm^tal education 
at engineering schools 

Engineering schools would be required 
environmental education for the following pur- 
poses: y 

1. Creating an awareness of the environmental 

V issue and of the possibilities to deal with environ- 
mental problems iti general.. / 

2. Giving the ability to dea|^with the environ- 
qnental aspects of subjects belonging the ciir- 

^riculunri of specific engin^ring program^me. 

3. The educta^tidn of specialists in e'n^;^^!^"'^®"^^^ 
techniques^ / ^ ' ' ' ; » 

4. The education of specialists in environmental 
management. 

1. Every citizen should be? aware of the re- 
lations of his 'community and its members with 

^ the natural environment. These will be deter- 
mined to a large extent by social and^ cultural 
variables. The higher the educational level is, 
the wider should be the scope of this awareness 
and the greater its diepth. "^It is not just a matter 

^ of teaching more biology or sociology but the in- 
Siyiiliuil Khould get a clear view of his pijic<^ in 




the world, of his possibilities to contribute to 
the well-ibeing of its citizens and his responsi-- 
bill tied tb avoid environmental damage. ^ 

2. 11$ the consideration of environmental 
aspects of various engineering subjects, one 
would not only have to cover additibnal enviroy^- 
protection techniques but one should also 
considelr-CQnsequences of existing practices, 
would /dis^usjQ^^ow to economize on energy 

ate^ials and tifet^i^^se. Transport quan- 
i an^ distances could b^^^diminished by using 
materials. Public health^care "does not 
mean the avoidance of vectors causing dis- 
B, but also the desigi^ of engineering prod- 
in such a way that tttey contribute to th* 
s of psychological ahd social well-being, 
truction and manufacturin^procedures 
shdtmd bip chosen which cause less noise, ' 
and waste. ^ ' 

Textbooks and manuals in engineering.should 
as far as possible be adapted to environmental 
r^quireiirents^ By a well-prepared information 
progr^Cftime englijeeriiig teachers canbe assisted 
with the adaptation of thf cblrteniaiiftheir le s sons . 
, 3. Specialists in environmental te 
are trained at v^*ious institutes. For the xoiral 
ironment the a^f^yipulturalist LiHn a cerfati^" 
onmei^al specialist "par excel- 
lence ^V^TJi^ sarire'*homhi^or the forester in the 
case of /ni^. natural enyljhomnent. Schools of 
agriculture \and forestry n^v;eaK§ady understood 
the^ir responsibility in thi 

\ Specialists in water \purifioation>^id waste 
manlagement have, already peen educated foJ^niore 
tl^an naif k century under the name ofi'jaanit 
engin^rs" or "environmental engineers^'. Re- 
cently V few, pr6gramxne«-Jiave_started, aimed 
at the education of biolbgists and chemlsts\ 
work togethet* with engineers as environmental 
technologists, specialized in monitoring and 
analysing water, air and food. In most ca^es 
envirohmental engineers and technologists are 
educated on post-graduate level. As much has 
already been published in recent years on such 
programmes, they will, not be discussed in this 
pap e r 
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4i_J5yIany engineers \frould be called upon in 
their career to become environmental manager^, 
although this task would not be exclusively in the " 
hands of enginee;:s. Industrial management tech- 
niques ar^ei <Mxly partially applicable in the publtc 
sphere. Special programmes for environnrlental 
managers should, therefore, be organized. 
SuQh programmes would encompass-^echniques 
of data collection and^predictlon, study of eco-^ 
nomic and social variables, standards related 
to the susceptibility of man ah'd other parts^ bf ^ 
the' biosphere to environmental changes and" 
abovq^ all Ways in which optimal solutions could 
be obtained. , Furthermore, environmeiftal leg- 
islation and administration Avould have to tai^e an 
important^'place. It will be necessary to follow 
ak>sely the experiences gained with a few such 
^rbgraihmes that are already being organized"* 
and to try to organize a few more pilot projects 
or education in environmental management. ^ 



\ 



• ANNEX A 



WHAT EVERY ENGINEER SHOULD KNOW ABOUT THE HUMAN ENVIRONMENT 



1. 



The ear,th 



Theories about tbe early history aof the world. 
The origin* and change 9 In composition of the 
atmosphere. The various elements In the earth's 
crust. 

2. The energy cycle , 

Units of expressing energy. Solar radiation and 
.reflection. Gonvei^slon of energy at the earth's 
surface* 



3* ^ Tftfe a tmo s phe re 



Nature of the various layers In the atmosphere 
and the stratosphere. H^/at circulation. Winds. 



4. Life on earth 



Fya 



ThQ metabolism of protlsts, animals and p>lants, 
particularly photosynthesis and respiration. The 
olutioa of life, — ^ — — 



5; Material cycles 1- 

— \i I ^ 

The most Important matex-lal cycles paj^tlcularly 
those^ of nitrogen, carboni oxygen, hydrogen, 
phosphorus and sulphur. \ 



, 6. The water cycle 



\ 



Precipitation, evaporation, run-off and infiltiia- 
tlon-. Ground waters and surface watei|8. ^ 

7. Minerals * , 

The concentration of specific minerals and hydro- 
carbons at a" few places on the earth. The potions: 
reserve, resource and resource base; 
Itles for prospecting and exploitation. 



Pos^lbil- 



8. 



Soils 



Some principles of geochemistry. Origin and\ 
nature of soils. Soil degradation: Terosion, sal- 
lotion and iaterltisatioh.^ « 

>. . ' ■ . - ^ " ■ ■ • ~ ■ 

9. Settlement by jnati 

^The history of the settlement of manon the earth 
afl^a process of increasing specialization: gather- 
ing and hunting, fishing, agriculture, trade, 
tranaiipr^and industry/ . - ^ 



10. Growing p>&pftlatlon s ^ 



Relation betweenapeclaUzaJ^nojfto^ 

population growth* Limits for population 
density given available resources and orgsinlza- 
t|on of community* / 



11. Man's rela tio n to nature 

Principles of ecological balance between various 
living species. Irreversible changes brought 
about by man. His parasitic diseases. 

12. Man as a user of resources 

Exponelrtl^y increase^ coteumptlon of^resources 
causes ^rowtng^ransporf^hd exhaustloii^of known 
reserved. ^ 

13. Man as a polluter 

Excessive discharges of degradat)le organic maT 
rials. Introductloi^of synthetic organlcs. Spread- 
ing out of what were once locaBy concentrated 
organic s. Influence of these pollutants on the 
atmosphere^ oceans/ lakes and rivers. 

14. Inequalltleg^ In resource distribution 

The distribution of natural resources over the 
earth. Their' exploratlqm exploitation, trans- 
port dnd valorization. Ecological consequences 
of the unji^st differences In opportunltlestoXraw 
upon the earth's resources hetw^env^xdoua,M>ts 
of the world's popul'atloiT(^. ■ ■■■^^ 

15. Man's habitat 

Physical and psychological neeii|s for shelter and 
privacy, Homeostasis. > Ventilation. Houses as 
shelter for the pajsA^ltes of man: 

16. HumarTlleinigmenta- -—-^^ 

Settlement p^iterT^sT their historical, political, 
geomorphological and economical origins. En- ' 
vironmental consldei*atlons In planning. Needs 
for Integrated regional planning. \, 

17* Water pollution control 

Properties of ^aturar^waters^ "f^rinclples of- 
collecting liqui<J wastes. Breakdown of organic 
wastes by treatment. .. Sludge disposal. Non- 
organic and industrial wastes, i . 



The composition of the atmosphere. Sources of 
air poUutlon. Health Consequences o|^airtPP^^ 
tlon. Possibilities for prevention. , I . ' 



ENVIRONMENTAL CONCERNS AND THBIR IMPLICATIONS FpR EDUCATION<^) 
\ by Daniel A. Ol£Un(2) \ ^ \^ 



"Relevant** Is the trendy, word In educational cir- 
cles in most of the indu^rialized countries today 
For* the remainder of the world, in Asia, Africa 
and Latin America, the word might be '^develop- 
ment*^ ^ They are but two sides of the same coin. 
Enviromnental concerns are certainly relevant 
today and they have an inextricable relationship 

•with development as well^^). a , . 

Environmental d^gjradation has been attrib- 
uted to development "Put development has been 
responsible for environmental enhancement as 
well. The environment «m noteor^be preserved 
inviolate from people thaiv^Uie surface of a still 
lake can remain placid whensa stone is scalied'' 
across it. The / 'conservationists who would 
have us avoid upsetting^ the ''balance of nature" ^ 
might as successfully leash the wiiKl^ and the 
waves. Reni^ Dubos (1965) in his Man^ Adapting 

,put it well: ^ \ ■ 

"All technological innovations, whether con- 
cerned 'with industrial, agricultural or medical 
practices, are f>ound to upset the balance of nar 



ture. In fact. 



iaster nature is synonymous 



with disturbing the^atural order. While it is 
desirable in jirincipie_tQ_n^ the 'balance 

of natji>re»,. it is not easy to dettne^ the operational 
meaning of this. idea. Nature is never in a static 
e<)uilbriuixi because the interrelationships between 
its physicki^^ and biological components are end- 
lessly changiiig. Furthermdtje, man placed iiim^ 
self apart from the rest of nature^heh hi^^began 
to farn^ the land and even more when he became 
urbanized., The survival, "-let alone growth, of 
his cdilr^plex societies implies that he will con- 
tinue toVexploit and feerefore upset nature. The 
real problem, th^re'fore, is not how to maintain 
the*balaAce of nature, but rather how to change 
it in such a nianner that the oveii^all result is 
favourable for the hum^iin species. ' 

This charge is manifestly a mandate to»i^du- 
catidn, to the education of all sectors of all popu- 
lations: the profd^is^onal environmentalists, enj^ 
gineers and physical aclentipts, who provide th? 

^ Inform a tion-as to the mknj^Wtibns available and 
their effects, -both beneficial ^ and Kletrimental; 
the social scientist^, who-iieXjpuy|eyise thje Ine^'ru- 

; inents ' anc) institutions f o r asSes s iiig^the^e^ptions 
and implementing them; and tfie people^who must 
ill ,t^ie Ylnal analysis elect from the optionfr^aVkil- 
able based upon t|ieir society's goal^. 

The engineers and the sclentists'tof the wor\d 
speak with one tongue, the people ,of the: world 
with nfiany. The language of thb engineers and' 
scientists is a, language born of .industrialized 

*Societyp and While th& people of the^indusirialized 
bountries may hope, to understand it, to most of 
the people of Asia, Africa and Latin America, i( 
4s gibberish. The Indian engineer or. scientist 
has fatr more cdxnn^unity of interest, and spirif, . 
with his colieagues^ in the United Kingdom* than 
with the 111 ass of people of his own country. It"" 
iB hot difficult to understand, therefore, why the 




transfer of technology from the industrialized 
'countries to the others has often created more 
problems Uian it has sdlved, for the Options 
presented are options that are foreign to the 
people whom they affect. 

Therefore, in evaluating ediicational needs 
for envij?onmental management, sharp distinc- 
tions need to be made between the industriWzed 
and developing countries , 0!nd sometimes betweien 
diff^erent societies in each cduntry, which may 
best be characterized as rich or poor. Ii> the 
industrialized countries, the qualify of life ahd 
the availability of the fruits of industrialization 
are not much diffei^ent in urbanWd rural set- 
tings. Exceptions do exist in the\United States 
of America, for exam|>le, iii the shwais of cities 
, and in de^essed rural areas\ . The r^lure to ' 
perceive thes^ exceptions has Wreadyg^ne far 
to frustriite the environmentar toove^ The 
typical question: why shouldVthe fl^lacks of 
Harlem (in New York City),, aivlrig in squalor, 
be concerned with the quality df^ water in the 
nearby Hudson IJiver, a river they seldom see 
from sun-up to sun-down? If the cWservfiltion 

r environmental "movement** iS of little interest 
tb some peoples in the United §tates\of America, 
how much impact is it likelj^ to haVe^n^e poor 
of developing countries, who are in the vast 
m^jyrity? 

recent experience of the authoi? may illus- 
trate the point. ^ On a i^e cent visit to the capital 
city o^^ large counti^y in Sou1;Jh America, he was 
invited\to address a lay "ecology" group, made 
up of leading intellectuals' of th^e city, ;and the 
scientific staff of the. Ministry of Natural Re- 
sources. \ The chief question raised in both groups 
concemed\^a recent g ov6mment decision to auth- 
orize the jiurchase of a plant for manufacturing 
hard determents. How could this be ju stifle . 
they askedr\in the face of the fact that hdrd de- 
tergents had virtually been outlawed in Europe 
and the United" States^ There^was not then, nbi: 
was there Ukely to be in the near ftiture; a single ' 
biological wastewater treatmeiit-plant in their 
country. Making a detergent biodegradable In- ' 
volves greatencost, but hardly any benefit acc]:^es 
where no biological treatment is available to per- 
form JthlS-biodegFadat Ion. A soft deterg^t would 



(1) For presentation^ at UneSco meeting, "Enr ' 
vlronmental Aspects^ Education and Tralnr 
Ing of Engineers?,^ Paris, June. 1974. 

(2) Kenan, ^Professor Environmental Engineer-' 
Ing, Univ^lty of North Carolina at Chapel 
HiU and Visiting Professor, University 
•College, LiOndon. 

(3) However; we must^not lose sight of the fa^ 
tha^ education: for education's sake, to pre^r 
serve, e^nrlch and pass on the legacy of thie 

'p9ist Ih lit^raturie, tlie arts and philosophy, 
la also rMevlaht and efssentlal to sound na*«^v 
tloim development. . -i - . 




impose a cost burden on all who us^ detergents, 
rich and poor, in cities and towns* with no dis- " 
cernlble benefit, slxnply to rbe in environmental 
•^f&shion*\ 

The environment ifi industrial societies 

. .i ^ ; ■ • " ■ ' 

The *'great envixpnmental awakening**, just as 
the "great sanitary awaken i^g*' more than a cen- 
tury agOf is a product of industrialised society. 
The litany excoriating technology for deistroying 
the environment is^far too long, tedious and well 
knpwn to even atteriipt. to recount here. That 
. ix^uch of it has meri^ ^oes not make the sermon 
more enlightening as it begins to repeat itself, 
of the ''new** consciousness resides in the 
da of the affli^mt of the industrialized coun- 
and as the people of some of these coun- 
largely affluent, this consciousness is 
iv'to the populate and, if properly en- 
gaged , io. t^ indu s triali^d s ociety as a whole . 
f Even those'^not so afiluent iWe become coiacerned 
( ydhil th^ir environment. Lehgthening age spans, 
^Accompanied by earlier retirement, together 
with more leisure time during 6pe»s working life 
in the industrialized countries h^ve encourage 
^ people to exploit their surrounding^ and to de- 
mand mpre from their governments in improv- 
ing their environment. 

Protected from disease and death at an early ^ 
age, people ia^^the industrialized countries now \ 
live on to succumb to the ;,chronic diseases* The \ 
rOle of environmental insults, including the long- 
terni effects of low -levels of trace chemiqals to 

* which people in the Industrialize^^ countries are 
exposed, needs evaluation. The environmental 
monitoringrpdf trace' cheml<ials is costly and dif- 

* ficult, and tlfe determination of their epidemipo- 
logical significance most complex. Chemists and 
epidemiologists are understandably loath to\enter 

. upon sjich investigations, Tlje engineer^ if he is 
educated to understand the ifssues, will articulate 
problems because he needB the answers, and thus 
might be the catal:^st for initiation of the studie^. 

The need to consider the environment and its 

impact on man as a, unitv is becomii^g daily more\ 
^ident; Just as the pressure on the shell of a 
gas cylinder Increases M moite molecules of gas> 
are compressed into it.Aso tooV the pressure on 
our environment increases as more people are 
' cTOwdjBd ii^to the same space^ . When- ^t^ in 
' ; , . the^^^inder is heated; the molecules move faster 
Md toe^^l^ssuire increase!^ which 
^^the* cylinder |Tiay burst. So, too, people have_^ 
b(^en invested Wtt^ higher velocities and with 
more ehergy than they may u«e intelligently. 
* The result, great stress On otir environment, ' 
\ . and;reaction stress on the people in it. 
V '^hej>rofWgate usa>(4 energy, ejchajustingth^ 

resource ^s it pollutes the environment; ^the 
> despoliation, of^iand resources byXuncontroUed 
y 1^ growing populations; pollu*- 

tiOli Of th<^ sei^^ the increasing 

4 caeophqpy €^ ||nvi1r6nm^;tital insults inr urban 
coihiiiuiiitle^i* challenging t^^^ quality Of Uf?,; 
'f--.. ^^tc» etc. cannot be dealt •witb sfonpiistically * 

* Soliiticms Mqulre jtl\e! talent© of a wide vaf^^ 



of disciplines. Arid, In the fashion oi the day, 
educational institutions In many of the industria- 
lized countries have begun to respond! Lit tie, 
justlflcatlori for a commitment to the Anvlron- 
ment of the developed world Is required and none 
Is offered here. ^, 

In fact. In the United States, the etiuc^lonal 
response tp the fashion has been typical of/the 
**gp-g9** attitude, to take advantage Of the ^udden 
Interest by the young ahd, more Importantly, to 
profit from funds to he made available by,,a con- 
cerned government. A plethora, of ■'envlVon- 
mental^ courses - environmental law, emrlron- ^ 
mental j^conomics»- environmental medlciiie, en- 
vironmental sciences of every d^crlptlorL even ^ 
environmental ecology - and new mstltutes, de- 
partments, ^centres, and even entlre\colleges 
and universities dedicated to'the envlrpnm^t 
have sprung overnights. Exhaustive ajid 
haustlng catalogqes to tl^s new enthusiasm d^e 
available. However, mai^r Institutions \5fere\ 
slow to, respond tp this new '!glamour*' field 
cpnservatlve, old-fashioned faculties resisting 
the blandishments of easy relevance and easy 
^jgaoney. ^ ^ ' * V 

^ As In all things, moderatictiimlght have been 
best. Youthful Interest has flagged, ©r^d a fin-. A 
ancially embarrassed government has wlthdrawn\ / 
Its support. Some programmes have succumbed.' 
Others, more slowly and soun^^ built, based 
upon a tradition of env Ironmental ponce ni extend- 
ing back half a century^ are today sources of" 
strength the society. ^ 

This paper does not explore the alleged dis- 
astrous environmental consequenqes of rampant 
technology and p<^pulatlon growth. /^Doomsday** 
volumes have appealed; in profusion and joining 
the debate here wptild serve rio useful purpose. 
Some lndustrlallzed^. countries, over-reacted, 
with laws and standards impossible to implement 
Oivlvhere pos s lj)le^wlth cos ts to s ode ty npt 
carefully calculated, However^ the pendulum is^^. 
beginning to, swing^back and It appears likely 
>that a proper, . If prec^^loup, balance will be 
attained. More important, the InBjiptrlallzed 
countries have spawned large number^ of enylron- 
men tal Intere s t groups that ha v^ o ft en b e en a 
match for predatory Inwstrla^l organizations. 
On the other handrtlje envirpnineihtal consequences 
of progrees in the ^eyejdpingj countries are 
scarcely.e>^ej^ assesfi(ed hy ^ither/the government 
Htsejf or by donor orf leikcjlng ai^enc},e^* 

T^ie environment Jb^ 
ountrles \ \ 



The jaroblems of the *human environment of the 
developing World; Iri Asia, Africa anV Latin 
America, are $ubetantlally different n^m those * 
of the industriaJizeSi areas Of the world\ This is 
clearly^vldent In Figure 1 (Bryant, 1969)^here 
the health problenas of the develojping wor! 
priinarily ihe infectious dlfiPea^e 
from a hostile elivlronmentt^ tubercu'-' 
Ibsis^ diarrhea Md dysentery! and eftVlronm^tdl 
deflplencles generaliyiv > ^ 
" The table below (Lb M^ is Uliistratlve 
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of the order of magnitude of these infectious 
diseases, all^f which, except the l^^^st common, 
leprosy^ are directly related to envlrqnmental 
deficiencies. 

Illustrative magnitudes of infectious diseases 

(Order of 
magnitude) 

3,500, 000,000 
700,j000, 000 
200, 000, 000 

40, 000, oocr 

40, 000, 000 
25,000, 000 
10,000,000 
400, 000,00ty" 



Population in millions 
Rural Urban Total 



Helminth (worm) infestations 

Hooicworm 

Schistosomiasis 

Onchocerciasis, 

Tuberculosis 

Malaria 

Leprosy 

Trachoma (with 1% blindness) 



the health pro|t)lems are t^e chronic 
dise^aiSes which appear in people pro- 



"EnteiHc diseases (intestinal infection plus mal- 
nutrition)^ occur as repeated episodes in over 
half of the children in developing ccJuntries. To- 
gether, the malnutrition /infection combination 
accounts for approximately 15.000.000 of the total 
30.000.000 chili^fen under five years who die each 
year" (de Haas, X^67): ^ . ^ 

In an excellen^Veview of the "Key problems 
impeding moderniz^uon of developing countries". 
Howard ( 1 970)- stat^^"The pollution of soil andV 
water with human wa^pte. and the\ subsequent d^ri- 
tamination of food and cn:ink. prociu<^e infection 
which., in combinatiori|wi^h malnuti;^itibn. lead to 
the largest single category of disease in children". 
V On the other hancU in the industrialized 
\ countries 
diseases; 
tected from infectious disease. 

, In hisy c la s sic wo r k Asian Drama: An Inquiry 
into th0 Poverty of Nations . Myrdal (1968) states 
"the greatest problem of all is perhaps the dis- 
posal of human wasted*, y ^ 

^Cholera is endemic in India and PakisjtaAand 
according .to Myrdal: "The in^<len6e of other 
waterborne diseases, such as typhoid feyer. 
dysentery, diarrhea and diseases caused by in- 
testinal parasites, is extremely high throughout 
South Asia. Most people in the regionV suffer 
chronically or intimately from one or m^re of 
these diseases. The high rate of infant moi^tality 
"ns partly due to the prevalence of diarrheaX and 
other waterborne diseases, but asideifrom cholera, 
^diseases in this category ar^ rarely fatal except ^ 
in early^ childhood . . ^ The only effective Vay to 

jht all of these diseases is with improvements ' 
in^s^nljation and hygient". ^ 

The^^Wrld Health Assembly io 196& listteti 
environmental deficiencie.s. as exemplifiefl^by ^ 
water, Jia first in importance in the world's 
health problems, and pot3ulatibn.s are growing 
in the developing countries faa^ter th{ui in tlic In- 
dus trial i v. 6ij areas. More .significantly, th<^ mi^ 
graliori ot l^opujlation from i*ural to urban areas 
in rfie de vo io {nn g\c ou n t r ie s i sine re as ing in [>ldl y , 
much mpr^rapidlyJ than has been anticipated. In 
La^h America, where data may bo more rbiiable 
than in Africa* or AsiEK the following is il lustra 
tfivfe (Wohi>an,, et^ ^al ./\iAJ2): . 



1961 population 
1971 population 

% increase 
1^71 population 
predicted in' 1961 



107 
127 
18.6% 

131 



102 
164 
61% 

149 



209 
291 
39% 

280 



In an excellent paper on "Disease and develop- 
ment in Africa", from which jjiuch of the content 
of this paper as related to Africa is drawn, Hughes 
and Hunter (19Zp) state: / "Urbanization is per- 
haps the most ^alient social and economic feature 
in the life of Africa today. While populations of 
African countries are doubling in a period of from 
25 to 40 ye^rs, African urban pt^pulations are 
doubling in l-ess than 15 year's. In Senegal, the 
towns have increased by more than 100 per cent 
in a decade, Enugiu in Nigeria, was an empty 
site in 1914 and now a pdpulationjof more 
tl>an 80,000; Ibadan, al^in Nigeria,^ hag treb- 
led its population in 20^ear^^ And much of this 
population concentratiori is ps^keddnto the peri- 
urban fringes, slums and shanty towns". 

In an excellent review of "The exploding 
eity", preparatory to an internatibi;ial coniejre nee 
organized by The Simday Times (London) (1974) 
an^\he United Nations, in A prU ,1974, the 12 
fastest 
listed! 



growing large cities in vtheVo rid are 

aNhv x)ie 1980s. 
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\ all to m^ore than doubleNby the 1 
These cities, ranging in size now^^ron^ more 
than one to almost ten million, are aUvin>Asia. 
Africa a^d Latin America, lit is estimated^ that 
60% of the 2.000 to ^,000 million additional popu- 
lation to inhabit the earth in the next three dec- 
ades will und their vi^ay to the burgeoning cities 
of these three continents, cities which today can\ 
not provide \he basic mcilities necessary to sus- 
tain life. Ev^en one of, the largest and, m\st\ 
wealthy of these cities. Sao Paulo, provides . 
water supply |o only about half its population. ^/ 

The signifl^cance of this rapid urbanization 
on the environment is evident to the most casual 
world traveller, even as he goes from the mod- 
""ern airport to his modern\ hotel, in any large 
city in Asia. Africa or Li^tin America^ The 
situlitioa has been graphically des<;ribed by the 
World Health Organization (l&6d): "The influx 
qf ixnmigrants^ info the fi5\yn3 leads to overcrowd- 
-irig/ which in turn produces water shortages, 
'bveiqloading of existing sewage disposal systems, 
ithte^cr-e^atjtjn of^f^e«h sanitary problems in towns 
WltJ^Qut syqlTsyi^tems. rahd^the riisk of spread of 
•-ihfectio\is,?liC3eases. The rural immigrant is the 

ciL^wellers 

fronrt th6 standpoint of environmental salHt^io|i 
because of his poverty and his ignorance-^o^ tlj 
ways of the town. Ue4^8 poorly housed and badly 
fed; he is without jicceseT^tot^^^wholesome water 
supply; hlH persoriiil hygiene ^^.pj[ the lowest 
standard.. Sanitary ttve^^ures seem toBfe desiigned 
le s s * t o p rote c t his he art h than' to pr ote c t t he town 
community ^r 6m :iny infect lotMie might carry. 
Uis attempts to vatMi a living by^ food ahd 

(Irlnk. for exampiiJ ; a re frervyned i^cfh*^ ^Flis v^ry 
pre serice in the tWn its tliscouraged, not\bnly by 



the health authorities but also by the polic^e^ He 
l^ccordingly settles outBide the town, entering it ^ 
aaily to look for employment; and the ovejhcrowded 
msanitalry hovels in ^ which he and his fellow^ 
immigrants live form the peri-*6rban slums, the 
'Shanty. towns* of modem Africa. From the/sani-. 
tary aspect Engel's description of the Manchester 
slums in 184.4 applicable to these shan^ towns. 
S^uiitation is non-existent, and open drains run 
down wh'fit passes for streetts. The shaiities are . 
built of ia^iud and wattle, old packing*- caseis, or 
kerosene tins, with pattered blankets as doors. 
ChlLldren crawl among the uncollected rubbish or 
in the drains* Water has to be fetched from a" 
pump,^ well or tap, and may be contaminated. 
Th0^ atmosphere is uiiUkeiy to, be polluted/ as it 
was so often in Industrial Revolution Ho wns, and 
the warikier climate leads to life being' spent out 
of doors to an extent npt possible in mOre north- 
ern latitudes; but the climate also encourages a 
■ Vji^ number of flies and mosquitoes wd/siA 
^'pli|ces« the snails which transmit bilharziasi^sv 
Occasional floods convert the ground into. a quagr 
mire. Malaria, the diarrhoeal diseases, 'tuber- 
culosis,, bilhai^iasis, and the helminthiases all 
at)«>and. Malnutrition is A>mmon, with its train 
df deficiency diseases and kwsfhforkor. The des- 
truction, of tribal traditions "and the' general social 
disorganiza^tion lead to ^oohoUsm, prostitution, 
and venifrreal disease; and mental disprders are 
frequent. Morbidity and mortality ar^£Lk£>th high* " 

The urban Centres in developing countries'^ 
also have t^ieir environmental problemis : &it 
pollution iii Rio de Janeiro/ traffic problems in 
^angkok, iilac^qu^te se We rage and drainage iii 
Jakarta, and undependable and unsafe wat#r svpply- 
ali^iost everywhe^ei'? These cities^are like car- 
nival^ - ir\itially attractive; but a closer exaW- 
ination reveals grrnie and grubbiness und^'neath. 
The necessary infrastructtlt^ ' has not kept pace 
with, urban development. 

I While some of the problems of urban^ centres 
in developing countries seem little diffex^nt from 
those in ther* cities of the industrialized countries^ 
several factc^rs distinguish them ftom similar 
•problems in the industrialized countries: 

( 1) Because infectious disease is far more pre- 
valent in developing countries, a breakdown in 
the infrastructuire can be calamitous . For exafeple , 
inadequate public water suMly, 'whether from un- 
expectedly severe drought OT frdkn inadequately- 
slz^d facilities^ in ah in^TustriallaSed country causes 
n©4niDt|^lJian^ to^^ a developing couii- * 

ti^r^l^ldlr^ leads to Aew outbreaks ojf 

water D^^^ejlisease; / / 

(g) the^dS^^e^^ 
htiS^ii^^thjfe^ ecQMl^^ devote to such 

problemS^-^^^^s^^^i^ifficiiit ehbugh to iamass 
in the iridustrtaSze^^^ui^^ ' ,/ . 

(SX the developing count He^'^B^^^jeM^^ 
instttutiphs to deal With iaii ch problem swijSvich 
iilStitutibiftji; arCohly now bellig created in 
NjindustrlaUSsedhcoa^^ • J ^ 

develc^ng do: hd^k have the 

%ktikilj|i:W^^ or theV^ilbationalr to credi<b 

iH#iii<^pbwitt!c'/ t6 d<&ii with thi^ke Complex ur1)an 
f>3P0blei:rti, prdbfete^ 
O jtic jjiblutidos 



This situation h^s been recognized by the Pan 
American Health Organization (1969), the World 
Health/Organization Regional Office for the 
Americas, where the shift from developing\ to 
developed is beginning to occur at various pointS: 
in the hemisphere. ■ : 

*'In the years ahead the governments will 
have , to cope with environmental problems pi 
greater magnitude and complexity. Advancing 
technology will leave in its Wake at more sophisti- 
cated array of human stresses. JSnviroiO^iental 
contaminantiB will increase and wlUbroaden from 
Icnicrobiolbgical pollutant^ to those havin^^eil^ 
origin in chemical substances* Long-term ex- 
posure to tojcitf>substances will be ipore' £^ignifi*> 
cant and more difficult to diagiipse, with Wide 
Reparation of cause arid effect. Tl^e' girowth of 
cities will aggravate problems of tiraffic conges* 
tionVN ^cciderits at^ noise hazards . \Population 
densiUes and poor housing will\ increase the 
hazar^ of communicable diseases and problems 
of mem£^<health. In industrial complexes, occu- 
pational health will require m0re\focused atten- 
tion and ^rexriedial measures. 




ChallerigeB to the rural environment 
in developing countries 

Just as Myrdal explores the Asiaii drama, Kimble 
(1960) identifies the actbzts in the African drama: 
y ^In the African social drama sickness has a 
strong clahn td Wing arch-villain^ It is bad 
enough (that a li^ar^ should be ignorant, for this 
cuts him off from comme rce o r ojhe r men ' s minds ' 
It is perhaps wor^^ that a man should be poor for 
this conde^mns hihi to a life of stint and schem- 
ing, in which there is :ho time for dreams: and no 
respite ftom weariness. But what sui^ly is W(^^^ 
is that a man should be unwell, for tttis prevents 
his doing anything much about either ra^s poverty 
Of his ignorance. 

Hughes and Hunter (1970) catalogue thV inyri^ 
dis e as e ; all de r iv ing from an ehvi r omnent 
allowed to run amuck, that affLict rural Arrica. 

Item: an average of tWo infectioiis per person. 

Itein:' schistosomiiasis (bilharziasis) affects 
half the populatioh, with some districts exhibit* 
ing 80 per cent infection rate^^T^^ 

Item: in some rural areas^ more, than 80 
per cent 6f the childreri harbour hookworm in- ! 
fe stations. ■ ■■ ■■. '' ■ '..r-- ■•• ■ • 

. Item: iri some rural villagei bn the Congo, 
more than 65^ per ceht of th^^opUlation^etre^lJ. ■ « 
with filariasis. '■ : ' - ■ . K ■ ' ■ - ; , ■ . : -■: 

Item: df'^some 70, 06o Examined in iTpper ^ 
Velta, the ^nalaria infection rat^ w^^ 94 per 
cent*. . , \ - ;\ ; ■' ; ■ •■ 

ItKitt: With a xhalaria iJ|f^^^ 
50 peir cerit' i^^n^rally; the r^te in^anzahiaVfor^ \ ., 
children uridf^r^^^ age of ttve exceeded 8,6 per . J 
■■.cent.",^ .'- v,^ • • ,V : 

:Not o^^iN these infe a(6biLlltjiiin^>i ''y 

xtheii^ 6wh H^tV 

^t. a heavi^jr |^ra6ill?i;y<i inkKvidual ne^S^ 
fbod thaijjs^^ : ' *V V ' 

^fi5i$ beeH est|j£i4^ 
disease of en^ronm^ntal origin in India would : • 
have the elfect of iric reasirig the food re sdiurce" , 



fjby 10 por cont an amount tha^ nuyht WcU be the 
cllfferei>,^:c betwco^n survival .ind famine lor sub- 
stan'tldl fciiigrnont Of the population. 

Unfortunately; <iovelo|>mout projects, par- 
ticularly those initLatt'dXand oxooiitod by the in- 
dustriallyxd cduntries i^j Ho-called '"aid" pro- 
grammos. cJften cxacerbam tlic tjUgation. Hughes 
and llunte^havo sunJmarizOKl tho tyfiOsol impacts: 
. affecting inan/eHvit'onmental relationships 

■ v>;iiiclt while they niay not ii^ull cai^ey be part of 
the explicit goal of any given dcsvoi^ixnent scheme, 
arc nevertheless involved irKtho cour.se of the 
implementation of the schemd. Aside from ma- 
jor purposes, abstractly stated (e\g. 'to raise 
agricultural productivity'), what omor kinds oi 
changes often come about under th^jyegis ; of 
klevelopment' which Ivaj/e obvious i eVev.arVce Jo 
health status of the population? 

(1) ovfM-a II changes in nTtK^/habitat reUition- 
sSthips (o, g. working in new. fjvhn-iland or\under 

. other new geographical and geo^ologicai Con- 
ditions: r<>lo cation to difforent Him^tic and 
zoonotix' aieas); 

(2) ancr-eased pgrnjlatiop niovomen 
and conc entration (e^giJ^bVLlding of rd 
ways and other tran^porta ti^Tv^etvvorl 
tion oi'l^eople to tOASins and sites 6r^c 
Opportuirity slich as mines., ractories, 
el^cti-ic'' or irr^igatio;i proJiH t.s; reloc 
CQmrnunlties. etc.); 

, (3) chatigi'lrl f)att(M'ns ol wlitcr flow 
(e. g. building of irrigation schemes, 
•poncis; ui^e of 



r 



polluted water*resour< 



.<y/\uil;i/od 'luid overcrowded towns); 

4) cliange in vegetation cover (e.g. 
do vn of forest or 6ush, altering groui 
denudation of landscape); 

(5). changes in micro-environmental cone 
--Slbj^ ((e>g. changes in housing, neigiibourliood 

settlemejit patterns; in house style ar^d matejcid 
of construction; in Ideation with respec 
ol^ transportation, sources of water. 

'etc.); ^ J • . 
\ (6) cluiHges in values' systems and sc 
tion s*ys terns (erg'>s^nj unction of altera 
of life. .In urban enivirg(V'P^'',^ti'' 
haterogefieoyis population. a.s in-fe 
noihic schemes; the erosion of traditl 
tern s~iTrtrOf M-lltions. olAc on o m i c deprive 
in urban slums,; etc.)". 

f'Jioy go on to describe several such projects: 
*"rhe''G®''^'^T^» arfca of tlie Republic of the Sudan pro- 



V 

■ \ 



^"rhe'Ge/^ira :\rpi\ 
vides n partu ulai 



larly^good ex«arifiple of ttie clangers 
of lack of ecological foresight, /fhe welfare:and 
prosperity of this area is significant to 'the coun- 
try as n whole tjeeause tli^>\rrezira provides 
nearly one -third of thejotal reveniie of the country. 
Befpr% 1925, the people o!f Gezira livedo uncier 
primitive conditions^ dependent wholly upon grain 
cultivation (mcJstly nSillet), Drinking water was 
^•Garce and drought was connt>on. in 1918,^ work 
l^egho on the dam at Sennar and it was completed 
after \vorld VVarl. . With the, coaiplo tion of the 
'irrigation works, cotton Was fUanted and yielded 
abuntlanLly. iProsperity cam.e'to the. region. ^ 

Approximately tlir^0 yeaj*s after the esta^^^^^ 
ment c) r Iv rigatiprii ho w6ver . cliseast^- transm ttting 
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* ■ " * -r 

snails began to appear-in the Irrigation canals - 
the hosts of the disease organism making their 
appearance first, and not the schistosomas 
thenaselves. After that, close watch was kep^ 
for snails and schistosomes. From ia31 to 195 
the snail population increased, as did the influx 
of migratory workers to the c:otton fields, first 
from neighbouring areas then from western 
$udan and finally from West Africa. By 1)954 
half a million people workec} regularly in the; 
Gezira area,\ln addition to temporary migrants. 
\ln total . the numbers of 'temporary migrants 
Quctuated between 150,000 and 200,000 per annum. 

In 1942 attention was drawn to the ev^r in- 
creasing incidence of disease,) which. . !t is be- ^ 
lleye'd, was Introduced mto the. area by the migrant • 

rkers from M/jjest Africa. Injl947, field in Vesti-. 
gationS in northern GeziVa fifhp^wec} a mean inci- 
ence of 21 per cent among adults and 45 per 
ent among children". / | ^ 

That such ^loncerns are wot unrecognized is ^ 
w^U documenteif by Lanoix (i958) who identified 
between irrigation projects and 
. He notes ifiiaft, in 1954, the 




elationshipj 
sc^istosomiasi 
Department of 
ir] 



ealth for RWodesia wairned that 
gation projects might well fail 




larg!^- scale 

because of their jffects on the health of th^cou^ry 
One of .the first Irrigation schemes established 
in that\^couhtry ^fter World War 11 is now\iargel(y 
abandoned "because' the effects pfonalaria and 
bilharzia were left out of the calculations. 

One of the grandest' development projects in 
the wpri2i; the Volta Lake in Gha|ia, is described 
by White U973): / ■ 

"The Volta Lake in Ghana is the largest man- 
made lalc^in the w^orld, accountipg for about one- 
fifth of the .toti^'l lariti area of tl;iiat country. After 
a com preliensive period of plannmg it was 9on^ 
s tr ue ted uncfer a pih^grarnme whj4^ pr^imar 
emphasis to electric power production and which 
planned to .prOviije the reloc^on of more than 
80,000 people living ift the reservoir area. Pres- 
sure for-jopening o¥ the generating works was so 
intense/that the resfervoir flooding began betc«:e 
studies oj^ the population to be relocated were 
coinpleted, and there ^nsued a long period of 
difficult adjustment in the livelihood and livinjg 
patterns^iii^edpl^^^di^ of lancf and heri- 

age. The responi^lble relocation authorities did 
pfpvljie for hotisjng,'^ using a somewhat ingenious 
uhit cclnst ruction plan, and tentative anahgements , 
wer^ made to/ enable variottj^^roups of people to 
estalbBslrthemsetees^i^^ ' \ 

;above the level to be re a checTby.. th^ re se r voir 
waters. ■ ,\ •" ^ • '■"/'■ 

Within three years after the initial reloca:: ^ 
tion, a subsjtantiai proportion of these houi^lng 
iSnits were unoccupied, jti ore than half of all of- 
th^ population were on food r^Uef, and the did- . 
organization of both com murtity ^nd family struc- 
ture \vas severe. This was\npt because_t^K^g^:--'-- 
piallning the project h«ad ignprfd tHe^pOssibiiity 
6t the im po uhde d w 'k teV s p r o vailing pppo r t u n i t le s 
for spread of schistc)soiniasis, nor (>f the need 
for new housing, or the vital rOlo of highways 
c onne c ti n g the ne \v c oit u n u n i t i e s , o r t he need f pV^ 
credit and teofintcal assistance in .developing ; 



farming oii the upland areas. Care^ful attention 
had been given to local water supply ^nd waste 
disposal. Th(^ basic disorganization occurred 
because the planning had centrejd upon physical 
features and had not Beeh directed at means of 
lasting livWllhood ift- a tropical environment 
_iii4|ere the maintenance <^f soil^ is a delicate pro- 
cess, where land during is expensive and tiedi- 
ous, and where^community organization and pro- 
cess was not ^^11 adapted to-^rapid social change.' 

Thompson (196!?) describes development that 
led to enviromnentajl change (iniprovement? ) that 
was responsible' for the introduction olf a popula- 
tion to sleeping sicknesi^'' a protozoan disease 
• spread by the ^setse fly, Trypanasoma . An area 
in^Nigeria to be the a^tCxof a railroad extension 
wad surveyed and, foi^rid toi>e free of sleeping 
sickness. However, a small Iforest preserve 
planted along the banks of a stream, at the point 
where the\main roaj^ crossed, became^a gather- 
place lor peopl^ getting water, and a source 
new outbreak (;>f disease. 

Hughes\and Hub ter (1&70) described the find- 
igs of Aj^tek (1963): > * 

"In 1956L ^the people frx)m Muyarria in the 
Ka^ulu DistriWof Tanzania, a barren and heavily 
led area on the hillside above the Milahgilizi 
, obtained permission to go down into the 
to cultlvate new fields because of pressure 
on aViailable agrtcultural land. The valley wSrs^ 
fertile and well watered, but much of the riverine 
thicket contained large concentrations of 
Q. niwsitans ,'' For a year nothing happened and 



/ 



then ^1950 s^id in 1959, mai;^, fly and parasite 

dnt^ct having been es tablished, an epidemic 
ouibis^ak\of sleeping sickness occurred. " 

TJieyUhen go on to define a "disease of de- 
velopmentr: - ^ 

1/ , ^Malaria, and attempts to control or eradi- 
V cate the di^ase, provides a good ^ase for the 
^\polnt that, the quest for.health 16 continuous and 
rovldes only temporary respite; for malarial 
'Ogrammes are waging a continual p^hi to keep 
ead of the proliferation of insecticide- resistant 
strain^-of the Insect vectors whrtHv^rough pro- 
cesse8\6]r^tural ^election, adaptivec^abilities 
£inctenormoi^B>^eproductive capacity, are multi- 
Y plyingTh|&~diaea^e^reat. In a sense, thq^mdre 
that IsniOT problem is exacerbated 

because of the need for new research to develop 
xjjpre effective (and more specific)Jnsecticides. . 
It mig ht ali^ost be said* then, that - unless the 
transmission cjfcle is br oken at ^ iKer points - 

sectlcldes spraying of the^nsect_vjE^^ 
'^^^■U^SiiJ^J^^^ te s a new en vii^oiuhen t , an env i ron^ 
ment oT^developnient*-) Is an at^^^lTlTil^-erifkCQblg^ 
which. In Itself, has been crf^ted by earllei^' 
^spraying - a 'disea^^e of development'." 
, Thu s j it itf/cl!?rar tli^at under s tandirig by a 
wide range oi>pi*ofedsion^ls, and institutions that 
can translate ^ these understandings into well- 
' conceived and well-- executed projects, is neceff- 
sary if th4 environment is to b^ a support rather 
than a threat to the rural populations in develop- 
ing -countriesv -••\/:;'- ;• ' 
■ 'y ''::ft0)keyef, sQ lohg as jth6 professionals and 
thel]r^lnBtitiErtiimiM«4^ their colleagues 




in the industrial world, that lon^swill th§ir proj- 
ects be foreign to theYndrgenous populations they 
are intended to serve. 

, A^i excellent ^xanjlple of the rOle-erT the local 
jjeople, as contrasted with professionals, is given 
by Horn (1969) who describes a "schistosomiasis 
control programme in Ching Pu County ip the 
People«s Republic of China. In 1948, an esti- 
niated'80 per cent of fhis rural country of 
3^0, 000 wer£ ill with schistosomiasis. In fact, i 
between then and 1966, 245, OdO patients were 
treated for the disease. During 1948 some 3,5Q0 
separate waterways totalling '4,300 km. of river 
rice paddies were infested 
By 196^ snails could be 
found In only 6 5 km ] * of rive r;hf^k and in 6 , 2 0 0 mu 
of rice paddies, and only 32, 000 people still ex- 
cretedntfie"schistosomiasis eegs, and these we r^ 
under, close, supeifvision. / *^ 
" In the village qf Ren Tuil, somis 500 h^d died/ 
between 1930 and 1949, arid ^n 1949 thej:*0 were/ 
449 cases of a total population of 461. By 1966 
with 671 people in the vUlage, there were J^ar^ly 
any new cases. # 

The approach used'to achieve this! control is 
hardly that^likeiy to be recontmended by proVee- 



bank and 8&, QOO mup 
with the host snaili 



s iqnal s fro mUndu s t r iallze d co unt rie s , wh o g^ 
erally prefer pollution control or chemical tW 
ment of the water to kill the shails, neither'bf^ 
^ wliidh^Ms been\ successful. Rather the approac 
\^was one^^hatcould only be implemented bj^ thief 
.people thenpiselveQ^ the removal of the snails by 
hand'.^ And such a prograinime depends upon me • 
education and motivation of the people, iaind is 
perhaps feasible at this time in the type of rpral 
society now found only in C^Efcn4^ As White (1^'?3) 
points out: "So far . . . no developing country 
; receivipg Western aid has eliminated malnutri- 
>tion"; And the same can be said for schifto- 
son^i^j^is, where development aid has generally 
had the. effect of Increasing the potenti&lf foiv 
. spread of the diseaae. * ^ / . 

Significantly, Recommendatipn i of" the • 
United Nations ( 1972) Stockholm tbkfemnce states 
"ths^i; all development a^sistanc^ agencies . . . 
» give high priority . . . for assistance/ in the plan- , 
Ing <^f human settlements, notably/in Itou^ing, 
t r an s po r ta tion,^ wat^t* s e we rage / and pu Dltc-<>^ 
health ... "and".^.. in solving the 
problems of Bj^eflopment pro jec^^^ to this end 
they should actively support the training and en-. 
^ CO u r a^ge the re c rui t men t of r equ is it e pe r sprtnel 



>> Two years later, the 
the U nite d Nati ons^nvlro: 
(1974), under the cai^gjpr; 



yerningXouncll of 
ehtal Programme 
"human Wealth and 

"a concerted plrogramme for the eradldajlpn -of 
knciemic dis eafifes as s ooh as pcu3slljle^\ pay- 
ing particular ait entidn to the control of- vectors 
with a waterborne>phdse . . . ". . ^ 

. Peraonnel rigqtilremerit^ / 

A ^Ide to thfe types personnel required for 
making aiwilitt environtttental manage- 

ment decjf^slons iriay^e takdp f rjQm 4 f?aJ*^f 



ERIC 



s. 



of institutio; 
private age 



t 



act! 



sourcefs; 
chalrac- 
st^at- ' 
s af- 



for environmental questions, in Figure 2, devel- 
'oped by Christimn (1972). The details and insti- 

tutipns listed are based upon decision-making in 
4he energy field for Seat^e. Washington in the. 
" United States, but the Vra^work is adaptable for 

applicatioh to any type pf environmental problem 

anywhere. He bases his mod^l on four categories 

q/ operation: ^ 

(1) need perception: studies oY human motiva- 
tion; goal and value discrimination as a function 
bf culture, personality, and expemence focused 
on the need for space, food, shelt^, mobility^ 
etc.;/ • ■ Y ,, \ ■ 

(2) resource description and technical develop- 
ments; situdies of the quantity, qualit^and charkc 
teristics.of any material useful! to man: the b.ceai 
forest, atmospheric re^crurtees, etc., abd deVite 
idsed to extract, convert,\ o|* use t^iese 

(3) public policy: studie 
/teristics; governmental aiVd 

egies for implementing or regulating 
fecting use of resources; 

*(4) effects analysis: stud^ies of useh imbafct on 
resources resulting from kctiviti^s uhdeirtai^en 
to satisfy perceived needs; developmept/of e 
vironmeittal quality indicators. 

From thi^s mod^l it ts possible to Jrlean the 
professi'opal pnd scienti/ric characteriS/tljlc's of t^■ 
persont/el .that need to 
of the ^ompfirtments. 

Roughly, these might include, but c^^rtainl; 
.not be limited to theJ^Uowing; \ 

Need percept ion/so<^j^logists, psychblogists, 
architects, nutritionists, eh^i^ieers, "public ad- 
ministrators, planners, public health specialists, 
politicians (as repine sentative of people, rather 
than in their pejor^itiye lineamint). 

RetBOurce description suid technical develop- 
ments engineers, scientists including physicists, 
chemists, biologists, geologists, agriculturi 
industrialists, etc. \ 

'Public policy: political scientists,' publi 
adxninistrators, la\^yers, economists, financiers, 
planners, journalists, politicians and the people, 
as uepresentOT by official and, voli^tary local 
organizations, and certainly students and teachers. 

Effects analysis: scientists, engineers, 
^medical and public health specialJLsts, agricul- 
'turists, industrialists and, of course, the people 
as represented lyy: a n^ of their chosen instruments. 

It becomes quietly obvious that few are ex- 
cludedxfrom the ^lecision-making process, in one 
' r61e or\nother/ >^slhis^^aper us directed pri- 



j!\qualified^J^ acl 



their numbers and 
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educational qu Vilifications an 

the 'focus. / \ ^ \ 

Without goin^ into 'detailxit .may be afifirmed 
without contradi'ction that, in bbtl^ industrialized^ 
ancJ developing countries, professionals profes- 
.'sionally qualified (as distinguished from the self- 
anoint^TlWthe environmeiital^n^d are in short 
supply, Ok{in (1967) has pointed out~that in one of 
the fielda/of greatest concern in the ^developing 

P)fnmunity water supply, it has been \ 
'a(ed time and time again thatj the pro- 
are not sloweiHiy shortages of water) 
J. or even money, but by Is^ki^of qualified 




erigineers and managers to plan, initiate and 
exWute "bankable" water supply project* 

In the industrialized countries the situation , 
is little better. The National Environn^ental 
Policy Act of 1970 in the United States, Which 
requires environmental impact statenjents to be 
prepared and reviewed by concerned agencies . 
for %11 projects th^t are financed by the govern- 
ment, which means virtually all publicly finan-< — 
ced projects, was slow in getting off. th6 mark 
because the executing and r^eylew agencies could ' 
not recruit the qualiified personnel required.' 
Thatlmany unqualified were pressed into service 
is only too evident iJri' the rather cipivplier treat- 
ment given to most environment impact ^tatements. 

Recognizing this need in Europe,'! the Rjeglonal 
Office |or Europe off the World Health Org^izat^bn 
\(1973) hi"s inaugurated a study of manpower re- 
quirements. Five I pilot areas, / varying fr^^f 
^ural to urban, one ineachof fiye counties, w 
be investigated to deteripine the 6nvirdm|ienta 
pVogrammes and agencieWoperarting ineach aw:ea, 
the personnel now eniplo^rcd, -the vacancies /arid 
turnover rate, the' anticipated growth rate in 
each^;af^he various categories of personnel and 
the manpower mix,. 1x^1973 and 19jB0. ' 7 

The-agenei««-to l^e studied include private 
firiiis consulting orgafnizationa."^ construction 
companies and, ot coiirse. public agencies op 
e rating in the envirc/^iSnental field 
water and waste 
land; 
air; 

urban enviro; 
recreation; 
radiation 
noise; 

occupational 
food. \ 

n addition tft^ /stujdy wiiMnvestigate resources 
for epidemiological ^urvejhg^raining and^e 
sear erf, and/supporting servie^Ss^cluding legal 
arid adnriinlsirative services, statisubal^serXHces, 
laboratpryZ/services'^ and facilities for^pub 




?'nt; 



mvironment; 



'©(^cation 

^uch/studies have^-o^vious shortcomings, as 
the responsive institutions have not yet emerged, 
even iri/tfiej developed cojihtries, Ftirthermore, 






preserit/employment patterti 



.r-^ .r _ are a function of 

the availability of persormel, ahd suffer from 
the historically cons eiVative. structures of both 
government and educational institutions. These 
difficulties would be ev^ greater in developing 
countries whose governmental and educational 
institution^ in the ^^nvi^onmental field, where 
^they do exist, are likely to be in a quite prlmi- 
/tive stage. / > 

^Nevertheless, such studies will reveal the 
\prder of nf^agnitude of requireingn bts a nd are /far 
l^e t te r thaji^[epefa<3<^^ pla det e r - 

^nvinrations of employment, which are; qujte uns^t-,> 

isfac'toryShi the public sector. Similar stiitjies 
. in the deve^Bming coii>\trie^ wilLbe^ more difficult 
\ to execute, bt*^ will ;i^cordingly be f;ir 
valuable, 

The lead time^ required to' prepare pro fes- 
siohalsv particularly if the\ducatiohal facilities 
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need to be created, is so long tViat the develop- 
ment of the educational facilitic\>, and the facul- 
ties to man these facilitiet^, is a\ matter of grat- 
es t urgency. ' ' 

Education of professionals 

.Because forhial educational Programmes take so 
long to\estab4ish and to yiey/^raduate:^, who can 
talce up responsibilities in the environmental field, 
the most immediately rewarding educatrpnal pro- 
grammes will be those that can build upqn fnan- 
^ower resource s„§ilready kuailable. Exemplarj^ 
6f such an approach are seVe ral such programme^ 
' ai^ready established by the jijniversity of North 
Carolina at CKapel Hill. 

^'^The oldest is the Iiit^i|national Prbgrhm in 
Sanitary Engineering DeWign (IPSED), intended , 
to meet manpower ..shortades\ in the coi;ninunity 
* water 8uf)ply field. This\j[)rogramme, offered 
14 times over an ll-year\period, and tjDrminat- 
ing this year, was intended for graduate engin- 
^; eers \yho had no speciality training in the sanitary 
engineering field, A non- degree progi/amme, 
participants spent one term\at the university in 
special' courses devised fprmem, one month at 
cominumty water supply; facilities and ther; Oi^e 
'to\six months at the offices pl^ a corisulting en 
• gineering firih»that specializes in community 
water supply,^ with considerable experience in 
developing countries. In the laist yisivs the field 
of Specialty wjas extended to .wasWwater collec- 
tion and disposal. In all, sofme 15fO engineers 
from about 40 djevelo^ing countries have partici- 
pated. While the programme was supported by 
the United States "a gency for I nterWtional Devel- 
opment, participants were sponsored by WHO, 
other international agencies ana the countries 
' themselves. An interesting, .and not unimport- 
y^ant, statistic abput the participants in this spe- 
cial non-academic programm^^ is that all bat two 
of the participants returned to theij" own countries 
to worlc,'^*as compared with only about 50 per cent 
who returned permanentlV upon com 
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courses (AnAex B) for its field engineer^, the AID 
l^nvlronmental' Engineering ProgranM^rt^EEP). 
Engineers employed by AID are jb^^ght \to, the 
University of North Carolina/camnus from through^ 
but the world. In that short peripd; an attempt 
is made to )ielp these nioii ide^ntify^ the impacts 
t(hat their projects might have, and to learn 
where to turn for^help that', up, to thdn, tliey had 
not kno\A/n thoy needed. . ' " ^ 

Sucii coursei^ for perl^onnel Tro'm developing 
countries may b^ useful, k^'ut they /are expiensivfe 




academic M. Sc. courses. / 

similar, shorter course for engineers, 
directed to the economic$ and finance of wate;* 
supply and^ wastewater projects in developii|ig 
countries was inaugurated in 1973 by the Ec IC 
Development Institute of the International Bank 
Mor Reconstruction ancl Development (the World • 
S&^a^-, This three-nibnth course is to be given 
annualijc^in Washington. 

At the initiative of the United Nations. Indus- 
trial Development Organization, and assisted by 
the USA ID, the "University of North Carolina c<^- 
ducte^d ap ll-we«/k Intej:Miati6nal Program in the\ 
Envijronrpental Aspects oilridus trial Developnient 
. (IPEAID),^ Annex A . This programme was de- x 
sighed for governtnent and industrial bfficials ©r 
developirig countries, engineers, scientists, 
lawyiers, physicians, etc. responsible for indus- 
: <triSl planning:^! te_s elect ion, plant management / 
and the iyce,_- Three^vireeks^e 
visits to industrial plants and to government offices 
responBibie ^ fbr them, Individuar pa^rticiparrtgj 
then spent -one week at b plant of a type s-imilM^^ 

ERIC 




and, even if tlie number.s ^ccorrtmodated v^.ere 
increase substantially, they cannqt expect to. mejb't 
the need either in numbers or in bontent because 
of the foreign venue, the strange language and 
the nature of the instruction\ Their principa^l 
value' lies in their "niultiplie?* effect", thediope 
nurtured in each prpgr^imme, that >each partici- 
pant on return to his (or her) coufrtt^ will attempt 
to d^elop appropriate means for bringing sinj^ar 
programmes to those whoijcannot afford to l«ave 
their positions for alengthy period abroad or who, 
for reasons of costs or language, are'>dbliged to 
get tlieir training in situ ^ / V 

Of cbih^e,; the Organization of such pro- 
grammes for professionals in their'Oiwn countries 
is by far the most expeditious approact». fn, the 
larger cities., this jian be handled at the univer- 
sities, witii coursei of various lengths or with 
^night or week-end courses. /Largei- industries or • 
government agencies might arrange programmes 
on' ari in-service bassis, using talent recruited 
from universities br national or international 



3se courses yi^ill all be multi- 
ild be tailored to the needs 
Syllabi for th^UNC IPEAID^^ 
ammes are attached herewith 
^ityof material, and hence 
the. breltd^li of staff, - required to conduct such 
programme, ^ 

It is not inappropriate that the Universityof 
North Carolina, engage in th^ese^activities, be- 
cause North Carolina is a ''developing" State in * 

United States. Its population is predominantly 
rui^A and its rate of urbanisation is similar vto 
that in^deyel6ping countries of A6ia, Africa and 
Latin Ameri*ca. ft also suffers frotri similar 
types 6f\azards from inadequately considered\^ 
resppaseato "fashionable" erivirOhmental issues. 
An Hixample may be of interest: q 

Ah* important agricuitural crop"' in. North 
Carolina is tobacco, and DDT hiid "been used for 
7pes4--conija61_d^i ng Its grow th . Cpnae r ns f o r^the« 

ex:0lO£icalTm]S^^^ led to Jegislation 

J^b^nnihg i Ib; jyiSj^Mn the^industrial zed go un t rie s . 
Before such a b'^a.n was in.stituted'itrthe UnitWd 




\ 
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■ '■■ • ' "J' ' ■ 

States, European purchasers of American tobacco >x 
required that the tdbacco be free of j6DT,residties(l). 
Accordingly, the UnHod States/ depart nien^^ of 
Agirlculture required t^Jat to be^6ligible for prlce"^ - 
■supports, growers not useboT. It was predicted 
that the replacement for: DDTpl ^an acutely- toxic, 
J>ut ehviroiiinentally relatively \^nnoduoua brgano- 
phosphorus cpnipound, would exact sever s^l deaths 
amongst farm fainillles in ^^artli^^C^ during 
the next growing season." Unfortunately, the 
deaths did occ^^^isa^ 

Ill-considered restrictions on the use of ^DDT, 
in develpping cou^trdes may be ifar more disas trous . 

■| W'&iie a natiqnal or State university may hfiiye 
faculty resources* fehat are higjii^^ iii en- 

vironmental studies, the •many other institutions 
relpponsible' for education' ma-y hot* Alsc^, itjwlU * 
scarci^ <bi$ appropiii&ate foit ail^^^^^^ to 
hafe sp^lalist faculty arid t6'"^]^tr 
pro^TMime^ in the eay^^roriin^n^a^ Accord-: . 

ingly, the cjapaibiliti^s Jxjf the uniyersit^Vca^^ . 
ex^nded, ^^ielpg the i^ultipli^r effect » by bte 
short c^iirsps for educator s.fi?om th^se instiiu1|iohsv 
who mi/ght ,then incprporate envl'ronnjhenta^^^ . 

in - their . own teaching . ■ . ' ■ \ ■ '■• • - • 'H } . ' ' \ ' 

The UniversltM o| North Pj^rollria conducted, 
such a programme/ an "Environmental Projecr 
tion Conference ifor^ducators ", in 1973, arid the i 
subject-matter of the cOnfeirence is shown in the. 
A nnex G to this p^per . / , v - . 
, A c ade mi c co ur s e s ni ay al s o b e of f e re d ' to^ , 

thoi^e who do not expect to specialize in enyiron- 
^mental affairs. * At tli'e University of North Caro- 
'iina, ,pne ^uclVls available for students/ ln-<&the ; 
public ,|i<i*alth field. ' Elements of firiyiyonm^ntal * 
Health", while anot^ier, : "Man and his Enviro^i-. 
me nt ' ' ^i de signed f 6 r s tudent s from thr ou ghou t ^ 
the university. The latter has sonie sessions 
"devoted to less-developed.country, problems 
Syllabi 6i the*se are also in Annexes D 

'.ti. . .J ■ -.- . ■ - ■ ■ 

Processional education for engineers 
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If there is any one common denominator 
eering education in the industrialized 
of the 'world, it is that agonizing reamw , , 
being made continually: . general^eri^neerlng vs^ 
specific engineering fieldsj^.-4hree yea£s( or four 
years OTsfiv«^ears;^-'en^ or two years pf h'asic 
_s4:udfe&'V^*T^'^rly dePa^tmentalizatlon; under- J 
graduate vs. ^astrgradu at ^specialization; and ' 
- const/int examination and ref examination of cn 
g[ineering curricula, 

The thread running/tli^trd^J^out the^ 
ihali^njfcris that profesisional>i^feineers 
re sensibl e mem|3ers of sOciety^^^j^not unc 
mon vi^w of engineers , in the" U rii ted^^J:^es 



gicjinod from the following (|ui)te'^fr^ 
ex|ioundin^ conservation (Ma|^lne; ^>ft69)r^^^^^ 
\ v". 1 1, the new t^apipts^^are looseaupori the 
"i^heirs, slill> are the vicious, violent 4^1 is se/i- 
\ni^rf, tccrtiniqu^s of the turn of the cermirV*. They 
Li'Ct ;iiiobno<'i\ssrtriiy eiyiployecl by| lum'per coinpan 
iVs -Wr "if I iiiitig com panles qt raUroausV -i l<iV • df 
j.h^'n\\ork foryxju and me. i'h^y 4re tfK |uilXi< 





They work for tb^Uni tea States Forest.Ser 
or the Nafioriai They;^^i:^: 
Army's Corps- ow En^^ersjand^t^^^ > / 

Reclamation antf .tHe Bureau of Public Roads. 
They are dedlcated slngle-mlndeB p0n.^ And 
when th^y t&l)r> which Is as rarely as they can . 
manage - theirs Is the language of fanatics^ * / * 
They are called engineers. 
* ;The author ^s main targets are' the ^'engln- 
eersV and the ".engineei*tog menta^^^ the 
s iixiple , supJppsedly pragmattc^ approac|r^f takifi^g 
the 'problem as given, ignoring or rutMes sly ex- 
cluding question^ of' side effects, working-out 
;* solutions ' that niee t only thi^ simftl^st defini 1| , 
of tlje problem": The subUtle of the volume " 
identifies the. theme: "The engineering mehjjility. 
and the devastation of a continent ' * 
; . ' Aa the; author excorlateisrcn forbiilid- 
ft^g iet^alrpbrt s iri ntiture prei lerves motorways 
, thajt tear qommunlties ajsunde r, reservoirs that 
ilodd y\ lla'^ges -jand^agricultura I land, po jyejt^ plants; ■ 
and fac [orles jthat poUute-the air and water;-^^^t^ 
easj|r defe^^^ ^glneer Is jlljat he is the- 

, wr-bng jf^ people \yho nWahd drlv©. Whb 

/ de^and the electricity and who buy the products, 
'-who elect their governments and who own shares 
of ithe pompanl^s are re s Mnfeible . Theae engin - ^ 
eering, projects are sjdci|Bty\s projects ajpd; ^e ' 
erigineers who plan and execVte them are merely^^^^ 
s|Brvant0 of that society;; j v ^-^^ * 

vThpr^ Ishp defence at all. Engineering leaders # 
ii ^e very field s^rW beglhfiing to recognize ^tbeir * 
fecial responsibilities and ,tb. exi^ort engineers 
,to^thelr proper rtfje. Slfeicher (1968) puts it j 
succinctly: * ■ ; ■ : ! . & 

■ 'Th^e engineer, wfio fails to appreciate hiUmaii 
values may ^become a mere technologi . 
of thbse in society who make th€P^.lno per tant^ de^ ' 
clsioris . When devoid of sens ItiVlty to humsgi 
needs, the engineer i«s relegatejd -to the r6}^ pt 
hired , hand. ^'^^^^^^^ / \ ■ . - 

K _ One of A mer ic a ' s m os t dis t ingu ishe d e nv Ir Oh- 
, me h t al e ligine er s , th e "^ate Thomas ll, ■ <Qa ipp ' 
was ;Jfo nd^ of ^ qu ot ing Daniel . W . Me ad, a paj^ ( 
. President ot^the; Artierican>SQClety of CiyiTEn^ 
gineers, Irt a siri^l|ii^context*' (Camp, 1.951): 
0 "It is ^he^^uty . of the engineer ; tb^ 
himself to the best of his ability ^that enterprises - 
with which he becomes identlfieid are of legitimate 
ch^^cte^ . irafter;becomlng associated .with an 
enterprise he finds it is of unsound or que stioq- 
«ahle' ciuiracter, he .shoufd! seyer his conne:}^on 
V^^H^^a^Ss^oon ^a practicable. tSIb englneervv 
should ehg^ge fn no 9^j3f|>atlon nor. undei;talf^'^ 
rojec^Sii^tis cdnVrary to lai* or -which is 
iniml>>^I to tiJfe-pbbjUp, welfare. 

neerv\ shi^iul in 
legitimate'ii:^ahner the coiistruction.of publid^w 

economically iinsqwdtortHe cominut)(ity^ 



I iq \^ork . fbrrtlie- 1 NVr t <^f Ke w ^ o t k 
rpr;ll<e State High vvay Coinir^i 




tiroitilf^hlly, souio 3P year§ of expierierice With 
DpT^wOrld wide, ^ften.with heav^ e^obt^ 
f population to theTchejJiiqaii, haveyreyeaien 
ncK^ffeciVy hiiiJA^ 
entXpf tobit^V^iiia 




While Mead wae not specifically refeyHng 
to the deleterious environtoiental consequenbesof \ , 
engineering projecte, the engineering ethics he ^ 
was urging upon^e engineering profession are 
Wen nioi« apt today. ' \ 

vYoung people today also have a different 
vision of what theyv as engineers, should con-", 
tribute to society than did their 'elders, who, 
whtle glorying in proved technical act\ievements, 
tended to shun involvement in the political, 
decisiolir making that their projects were tb con- 
auxiimat<|< This was put* very well by a young 
engineerinj^ graduate writing for^career guidance: 
^ "There are surely opportunities for men with 
a sound ^eqhnical background in the v^ious pub- 
lic and private progr^jmmes working to improve 
the quality of American life. What I had in tnind 
a're such areas as trsmsifprtatipn euid urban plan- 
ning, industrial development, euid air anol water 
y poUutioif control - which I suppose you are inti- 
mately involved in' yourself i . . I have a strong 
interest in the social scien<:es qy^d would welcome 
an opportunity toget^involvedinEuilqterdisciplij)^ 
ary fii^d; in f^ct'l Would prefer that course to em- 
ployment/in a pWely technical capacity. " 
» * Because proj^ts that impinge uponN|iQ en- 
vironment are oftensengineering projects it be- 
hooves the engineer to^ppreciate the inultifad^ted 
Impact of the project and to recruit the particle 
pation of the many other\disciplines who have 
much to contribute tonhe project. With respect 
W the control of schistosomiasis, the World ' ■ 
Health Organization (1961) not;ed the need for ^ 
interdisciplinary co-operation in contrttlltng ^ ^ 
this pervasive health threat in the planning phase: ^ 
. "The ' successfiil attack on thef disease wi^h^ , 
aGcon]^jplished by a team: the engineer, themaReri- 
ologi^t/.the parasitologist, the sanitarian/ the ^ 
physi^an, ahd the chemist, widely divergent in 
training, speaking in the beginning different tech- 
nical languages, but with a common purpose /in 
m\nd.^' They might wellhave added the SFDciologist. ^ 

Therefore the engineer must h^e an under- 
standing of ihese ^disciplines, and developing this 
understanding should be an essential part of his 
education. ^ V 

Some ^engine e^s may savour solely the tech- 
nical aspects of their engineel*ing responsibilities, 
.for example, the development of a high functional 
design to meet some well-- articulated need. For 
the environmental engineer or the engineer re- 
sponsible for a project that impihges on the en- -^id^^ 
vironment« th^ re can be ho security in^chnology 
alone., Hence, his education requires the cross- 
,ing of disciplinary barriers. ^ "iffi. 

In^the ^nited States and in severll other 9f 
f^e dieveloped cduntries, ^the opportunity to broad- , 
eh ^engineering education has been made available 
to several different W&ys:!- 

(i ) jj^liminatlng rigidity in cou r^e requirements 
^ and ^npouraging students to ^ elect courses in ^ 
other deparmients* schools and colleges of the 
..^ver«ity;' * " /: ' ' ' \ . • ' 

iBstablieliing de)partments that, except for 
MS^^ faculty, are dependent Upon the a, 

ife»aiirC0« eliiewhere in the university for the 



(3) Joining many departments or schools in 
ilriiversity to fashion. a programme that draws on 

^ resources of all of th^m, without in any way re- 
ducing the perogatives of each unit. Such amal- 
gamations are often "called Institutes or Centres, 
and be administeredby a small headquarters 
or by staff drawn fron? onei or more of the par- 
ticipating ^nits. 

(4) Establishing new, mult idisciplina:ryde par t- 
' ments, schools of Colleges with the intention of " 

^preparing broadly-based professionals. This is 
\ generally only feasible at a relatively new insti- 
tution, as otherwise the threat to existing strong 
departments may invite attack. 

(5) Broadening the faculties of schools and 
colleges by including professionals and scien- 
lists from other disciplir)es. ' It is not uncommon 
in the united States for engineering schools to ^ 
have a wide range of scientists, economists, 
kiwyers, etc. cjn their faculties for participa- 
tion in teaching and research programmes.' 

While educators, i^ the developed countries 
have long felt, and still feel, that disciplinary 
barriers are high, in the developing countries t 
they haye.been virtually insurmountable. Often, 
modelled oq the &uropeal^' higher educational 
system, l^ut Without the basic education offered 
by a strong secondary school sysjtenp,< they fea- 
ture highly structured professional fax^iilties th^t 
are completely isolated, often geographically as 
well as educationally. Opportunities for inter- 
disciplinary programmes have been extremely 
limited. Educatot'i^ from the developed countries 
who have served as visiting faculty in develop- 
ii^ countries have often been frustrated by th^|.r 
inabHity to ma k^ use' of resources elsewhero'in 
the university. This isolation of faculties often 
results ttqm an understandable, but unfortunate, 
desire for ^ professor to protect his position. 
Also, ! this isolation is n^t at '&11 relieved by the 
generally ^rt-t^me mature of facultyv of the uni- 
versities of the'ciev61oping countries. Where a 
professor must earn most of his income outside 
the university, he feelii'lfn^rd pressed/^o meet 
hi$ obligation to his own students and his own 
faculty and he is not likely tqbe generous ^with 
his time or resourced to studei^s or professors 
from other faculties of the univei^ity, ^ 

Another factor in^the dis'^ciplina^y isolaticm 
of universities in developing countries is tha}. 
although they are generally government -fihanced 
>they are remote frojqrt the people and their prob- 
lems. They tend to^llmit themselves to'the formeil 
""^education of degree candidates, and avoid' using 
their^resource's for the. education of the people 
at large or for addressing current social problems. 
, Because respurces^. n^Qds. government 
institutions,^ educational fapiliti6s>nd qualified 
manpower vary lividely o<?^i^the develpping^World. 

prescription for an educational^ programme in 
the envii*onmeiltal fie)d*iipt>ix>priate to alllcoun- 
tries or^yeh sj^ profed4l<>nai di^ti^ines in one 
country ife not fta^dS>ler^lft^S€?tY>^^ifoa 
that may b^ useliil is thai resulting* fi^om a* Call-, 
fornlis^ Sltate CdfXlege fld7p): workshop add 
to our ricii^um: dev^lopmeWt'lri e cology and related 
€^nviron!mehtal sci^nc&s^. |^61udihg engineering; 

"it 



the conclusion of which Is Included In Annex F. 
It stresses flexibility In their owi\ sltuatlon/^nd 
tl^ would certainly be mo^t approprl||e for de- 
veloping countries 4pd for related pro%s6l6ne^l 
fields as well. 

One last caveat may be In order. Because 
water-related disease Is so Important and be- ^ 
c^use water supply and sanitation services are \ 
so Inadequate in A^la. Africa atid Latin America, 
special efforts are required to create opportuni- 
ties for ge-bcalc tralnljtig of engineers and 
technicians to serve In this field. Concerns for 
biqpaci environmental quality shouM not detract 
from the high prlorlt^ for mass training to assure 
control of the endemic and epidemic water- related 
diseases that continue as a Hcourge over much of 
the world «t a time when tho t«»chnolot;y Is avail- 
ablt^ lor their eradication. 

Helav llHted some ol the aotlons that might 
well be ti'Wen bv developing; countries, with the 
nl(j orinteVnatldual iigencleH, in an attempt to 
provide the educational resources, necessary for 
the management of the environment. Most of 
these actions can be undertaken simultaneously 
but because the development of soimO l{nstltutUinal 
resources at universities is ho €SHei»tiaJ^-4o pro^ 
vlcilnjf a foundatlqit Tor other ictl\4tieK, and be-' 
Juustvit takes by far the greatest time, univer- 
sity development Is given higher priority. 
/ {\) Kvaluate the educational resources of the ' A; 
j^country? particularly In higher education. Atten^ 

/ tion should also be given to specialized ^non- 

/ aea<lemlc resources In education. 

' (2) Identify individuals within Uie educational 
system, or who have educational experience, 
who might be expected to be effective In taking 
Inltlatlven ^to introduce environmental studies 
within the (educational Held In the country. 

(3) With these Individuals, determine which 
institutions In the country are likely to be most 
amenable to the Initiation of environmental edu- 
cational programnu^s* 



(4) Develop a comprehensive programme for 
th^Qe Individuals to prepare them, tp take educa- 
tional leadership. Such a programme should be 
designed to the talents and, needs of the Individ- 
ual, and possibly Include formal educational pro- 
grammes, but preferably informal visits af some 
duration to educational institutions that have en- 
vlrShmental^programmes that eeem to offer the 
most useful models, 

(5) Should It seem useful to have the assist- 
ance of educators f^om other countries, this la 
best done by engaging the resources of a univer- 
sity or a consortium of related universities, 
rather than individuals, ^he environmental field/ 
or even any phase of It, Is too broad to expect 
that any Individual can do more than provide ad- 
ministrative assistance. The engagement of a 
university or consortium as a contractor to assist 
with the developmeiit of an environmental educa- 
tion programme will permit the orchestration of 
a wide range of resources' In the effort, 

(6) Inaugurate mat^pOwer studies. This should 
Include both presefit and estimated future needs 
In both public and private sectors. 

(7) Design educational programmes to meet 
the manpower needs. These programmes should 
Include formal and Informal education. In-service 

^training, and public education, to be conducted 
wherever It Is most appropriate. 

A recurrent theme of this paper is that the 
environmental concerns of the underdeveloped 
and industrialized countries of the world are 
q{ilte different and. In any event, the solutions 
must be geared iq the economics of the countries 
concerned: ^for example, labour-intensive for 

, the one and capital-intensive, for the other. 
There fore, ^"Ihlmplemienting the programme df 
educational development, th^rO should be min-^ . 
Imum dependence and certainly no continuing 
dependence on thjr^ducatlonal resources of the 
industrlallzedVorid, If resources are not ini- 
tially^ avail^fe within a Country, th/B us^^of re- * 
source^ In the region, while perhaps less acceptt 
able politically. Is certainly to be preferred to 
sending individuals to Institutions In the Indus- 
trialized countries. 
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FIGURE 1 - Major health problems identified by World Health Assembly member countries and classi- 
fied by numbers of identifying countrtes in each geographical region. 
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Regional profiles of health problems. Developed from a questionnaire reported by the World Heaith 
Organization in Third Report on the World Health Situation, 1961-1964> J^o. 155 (Geneva, 1967)', pp. 28- 
3<5. Somfe data were taken from a prepubli*cation mimeographed document of the same title. The figure 
at the top of each column indicates the number of countries reporting. Circles and figures in columns 
indicate the number of countries listing the paroticular health problem as a major concern, a black circle 
indicates regional consensus that the problem was one of the most important* The vertical line arbitrarily 
separates less developed from more developed regions. The horizontal line seps^rates diseases of greatest 
concern 4o less developed regions from those of greatest concern to more deviBloped re^ons. 



Source: Bryant J. , (Health and the Developing 
World) 

Cornell University. Press, 1969, p. 30. 
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Fig. 2. FRAMEWORK OF ENVIRONMEINtTAL E^IGINEERINQ RESEARCH QUESTIONS 
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DIR-EGT QUESTIONS 



A, 



\ 



Given k desire for power - what section of the material universe constitutes a power resource (fossil, 
fuels, nuclear fuels, water, etc, )? - 
B. Given that a certain type of fuel (nuclear) is desirable for Use in power production - \yhat type of 

' managennent procedure (AEG policies) should be innplemented to regular its use? 
,C, What effect will the level of nuclear- power development, as anticipated by AEC, have .on man and 
his physical and mental environment? 

' ' ' /'•<'■' 
FEEDBACK QUESTIONS ^ 

„ ' . . . ■ - ■ . <i ; . • ■ ■ 

D. and G, Both loops represent threshold phenomena. Threshold levels of effect are functions of the sen- 

sitivity and accuracy of environmentalrquality indicators and communications pr6cedures. Example - 
of loop D: How can feedback time between Qbservejl effect (temperature or rad^tion levels), and policy 
adjustment be minimized? Examplfe of loop G: In cases of large^ effect levels (temperature or radia- 
tion levels that are large and cannot be reduced by policy decisions) the perception of neegl for power 
must be re- evaluated. 

E. Does a 10® rise in river- water temperature as a result of power-plant operation constitute a new 
source of low-grade thermalvpower? Arfe* new resources created as a result pf effects? 

F. Does the grant- funding policy of a majof regulatory agency^^affect purjevel of understanding regard- 
ing material resources, their qqality, quantity and characteristics? , ) 

H, *^o^ does advertisement by .the power supplier affect our perception of ne^d for power? Does regu- 
lation of information on radiation levels by AEC affect our perception of the benefits of nu clear {jower? 

I. To what extent does new technoflogical deveiopmeiyt (nuclear fusion) affect our perception of need for 

. power? _ * . ■ V 
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Special interest session procedures « ' 

Concurrent sessions for special interest ^ ' 

groups (discussion of needs, resources, and 
action 'By Institutions) \ ♦ 

Individual currifculutn^reas for discussion in 
the 4 or 5 special Interest sessions. will be * ' 

design{|[ted on the basis of expressed Interests 
by participating Institutions. For example: ^ 

A. General environmental science education * . 

B. Te'acher education curriculum , • 

C. Environmental health technology curriculum 
Environmental engineering technology curriculum \ 

E. Occupational safety and health curriculum 

\ . ■ ■■ •'" ■ ■ ' • . ' \ ' • ^ ■ 

Lunch 

■ '■■]- "■ . ' ' • ■ ■• • ■ .•■ 

Concurrent sessions for special Interest 
groups (continued) - * . ' 

Break * . 

■ - ■ , . "V ■ ■ I ' ■ 

Plenary session 

A. Presentation and discussion of special 

e. ' . interest groups reports \ 

B. Summary and discussion of proposed\i / " 
post- conference actions ' i ' 

Preparation ^ - . 

^Each participant is requested to bring with him to the conference th^ following: 

« . -> ■ ■■■■ ' ' ■ ■ " ' ■ ■■ ■■'■■/■■ ■ ■ ■ ' - 

1, A listing of courses in environmental protection now offered at K^s Institution. 

2. A description of any formal curriculum relevant to envlrOnniehtal protectlon'^offered at his 
institution. - * ' * 



3. A listing or description of current interests In envlronment^-l protection course or curriculum 
development for his institution. ' ^ ^ 

4. A listing of resources or assistance available from his institution to other Institutions engaged 
in environmental curriculum develppmeht (i. e. specific experience, unique expertise, etc.). 
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• ■ •• . '■ '-v-Q._ 

Plan Of instruction: Lectures and seminars, 10. 00-11. 00, TTh . 



Textbook : None r^equired f 

Recommended: Environmental Protection , by Professor Emil/T% Chanlett 

Instructor : Dr. Stanley J • Weidenkopf ^ . ' 
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11 Ecology in re latioa to the environment ^ ^ . * 

13 Ecology in relation to the environtrient (continued) ^ 
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22 (continued) c Mft ' V V -/ ^ ^ 
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27 (continued^ ' 
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"Environmental management 
(continued) 

(continued) ^ V 

fieview and qqiz ^ . ^ 

Current issues in environmental management 
^ Land use aspects of environmental mtoagement 
Land use (continued) * ^ » 

Ra,diation (Standards ^' i <\ ; _ 
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(continued) ~ / * « ^ ^ 
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Lead poisoning in children in the urban environment / 
Population^' food resources and the enviropment ' ' ; ' \' 

(continued) . , • 

Energy resources and the environment V * ' ^' 

(continued) ^ ^> - \ ^ .\ - ^ ' 
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...(continued) \' • ,■ \. 
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; Fublip participation in envii^nmental decision*i|iakiQg^ 
CoMrse review 



AljlNEX F 
VII. CONCLUSION 



In the course the two-day meeting of some 50 
participants, many ideas, cqncepts emd propo- 
sals for action were put forthlfdr discussion and 
examination. The workshop gVo>*p^erved to 
distill a nun>ber of conclusions/and generaliza- 
tions^ At^the/ risk of overlooking significant 
points, certain themes appeared early ' Ui the 
meeting^s discussions and—were given form in 
at least one of the workshop group reports. / These 
themes „are sumrp.arized belpw. I 

Model curricula . No uniform, mpdel cur-* 
ricula in ecology and .related environrivental sci- 
ences should be vapplied throughout the California 
^State, CoUegeaJ^u Each college has the responsi- 
\^^bility ta assess-its own strengths, its potential 
and the needs of its students as it develops new , 
curricula or adapts existing courses and-pro'^ 
^•^ gran^mes emphasizLag environmenlal concerns. ^ 
The "Experiences of colleges within the system 
and outside shou^a, however, be noted; in t!his-| 
context, meetihlpsuch as iM Invitational Work- 
shop are most useful. 

Specializations ^ college . Each college 
should seek to develop environmental studies 
• focuses appropriate to-^.ts locale, student lipdy, 
and resput^Sv^^No college shouWseek to offer 
--^^U poi^ible approaches to the study of ecology. 
There should be^^corhpleme^nta^^y programmes 
from\one cbllege iq the next, rather than dupli- 
^ catory ones. College planning and programme 
development shouM take place-.^th reference- to 
other colleges in th^^^stem, \ 
-'^"^ Articulation with cdTQmunityyconeges . The 
niajority of today* s student'&^tn the^State Colleges 
have begun their collegiate worjc in orte of the 
^tate's many community collegeW^ Curriculum 
' development in environmental studies muV^Jt here - 
fore provide for ease of transfer. Further, de- 
velopment of certain kinds of programmes may 
Require close co-operation with community 
ciolleges. - 

■ ) Cautious development of specialized pro - - 
grammes : A common ^heme throughout the 
course of the meeting was that the problems of 
the environment arjB so diverse, apd the solutions 
so tentative, that training of_lar,ge--mrmbers of 
highly , specialized persons -ts-^nappropriate. 
Students in the sciences, engineJering, technology 
as well as the social sciences al^best servedby 
a substantial environmental com J fcient to thej jv. 
education to assist them in adaptingToTli^a? 
mands of the future. Doubtless many persons in 
the years to come will play substantial rOles^, in 
their work careers and as members of the gen- 
eral public , in attemptihg to maintain and improve 
^^...^Uhieu environment.^ Such activities-will be across ' 
a "Wide ^spectrum and Will Apt be restricted to a 
li^jnited number of occupational classifications. 
This suggests that in developing response^ to the 
environmental prob lewis, /colleges should jcoh^- 
struct curriculum which dan assist in the edti^a* ^ 
tion of persons whtj can ftilfila number of dif fer- 
vent responsibilities. 




— -erally^( 

studies of the environment and its 
appropriate curricula should include j^ttentionto 
the study of the environment. Single^- focus . 
courses do not appetir appropriate as a, part of 
general education^ requirements; rather, a^re-. 
shaping of cl^urses and programmes in a va?riety 
of disciplines is called for. 

Interdisciplinary studies . The education of 
iudents who are concerned with the problems . 
of the environmient and enable of contributing 
to their solutions cuts-aTcross many disciplines. 
The solutions to the problems of the environ- 
ment, as reflected by wor'kshop participants, ; 
will require not only scientific an^ technical 
skills, but political and. economic expertise asv 
well. The scientist or technologist who seeks 
a solutioQ ito a problem oTf the environment must 
understand the economic and political realities 
of the problem. The s cientist in general, many^ 
participants ' pointed outv must realize the social 

and environmental impact new scientific and : 

te,chnical developments niay have. The govern- 
ment leader and the industrial manager mugT^ 
conversant with the scientific and technical know- 
ledge of the environment and be aware of the kklds 
of specialises needed to attack enviromafiental 
problems .^""Thus the need for inter dip ciminary 
or multidisciplin^ry ehvirphmental stuoues -wsts. 
recogniz^ed'by most participants; howejyer, tfie 
problem's of the collegiate," departmental struc- 
ture xere often noted as inhibiting the de^elpp- 
ment'of needed courses and programmes. 

Problem-priented instruction . A common"^ 
theme in discussions was the value of using a 
specific environnierttal problem upon which stu- 
• dents and faculty can concentrate as a desirable 
pedagogical technique. Similarly, the need for 
■ ..workoexperience in an environmental, problem 
area and individual :^r jgroup research was , 
stressed. While a/problem -oriented curriculum 
and work experience are considered useful in 
many subject fields, their particular appropri- 
^ateness in environmental studies was stressed. 
Tierminology . "Ecology", "envlronrnent", 
"ecological studies" arid "environmental studies" 
and "sciences" are ainpng "the various .terms 
applied to "acaderr^ic pitogrammes concerned with 
aspects of the envii*onmei\t. Based on workshop 
discussibnp and th4 existiflfg literature concern- 
ing academic prbgrammes in the general subject 
area, the term "envtronmental studies" app^ar§ 
most useful as a general terminology broadly 
y ^ai^licable to a vaf ierj^f programmies . ^'Ecology" 
IS a term' for academit degrees and''progra,m'mes 
is most generally understpod as applying to the . 
/Iscieace of ecology/ witl^in the biological sciences. 
Environmental scienc4 and environmehtal tech- 
nology have theiV a ppiropjbiate usages but db nbt 
clearly connote ^pec^fic degree or other acadenrilc 
programmes. 
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I. INTRODUCTION < 

Environmental protepUon ii, from the point of 
yiew of both science dnd engineering/ a typical 
, tnterdiscipline sufoject* Thle entails several ' 
* problems not 'onlll^in determining the scope and 
organization of training, but also ifi adoption of 
explicit terminology. * 

According to the National Science' Board ( 1 ) ^ 
''Environmental science is conceived as the sys- 
"telh'of air, land,t water, ^energy and life that 
surround man. It includes alio sciences directed 
to the system- level 6f understanding of the en- \ 
virdnment« drawing* especially pri such disciplines 
as liieteprblogy, geophysics, oceanography, and 
ecology, ahd'utilizlng to the fullest trie'knowledge 
and techniques developed in such fields as physics, 
chemistry, biology, mathematics an^Lenciheering'C 
The World Health Organizatidff is'Preparing 
a World Directory of Institutionig for the Training 
of J^vironniental Health Personnel(2). After 
stating that "Envlror^ental health" is not yet a- 
clearly defined field prstudy, the^ follows a 
list of relevant stujiy«uki(jects: 
Water resources : W^teir quality. Water; and 
waste water treatment. Doniestic water supply. 
Domestic water disposal. Industrial water 
flupp^ly. Ir\dustrial water disposal. Limnology. 
Water pollution. Hydrology. 1 
resources: Meteorology and clijmatology 

iifi 




Chemistry and biology df air. AlT* polldji^ 
jcontrol. • ^ \ ^ 
Iblic health: .Vector ionirol. 

,Air. 



iustri-al ai 
lene. Para^it 
liygiene.. Rurati 
3lic health ad 
Dtectibn. HeciltH 



\ Occupational health 

10^y- Food sanlta tip n dnd 
itation.i "poxicolo^y. Pul 
I imnistratip^^ Radiologics 1 p 
j ecfujcation^ 

Lai|^ iu$ e and ^helter : IJrbJUj and land use" pli n 
Solid I waste colled ion and' managemc nt 
using. Recreation.! Noiffe control, 
a gepnent : |//Plai:^ng res(>|irces'Systepns 



lent economiaa. 
lit ration. |1- 



Public and buai- 



t develops 

'ne as /administration. II - " . / 
G<BQ^ral: System analysis. V\t>plie$] statistics, 
jan ecplpgy. Applied biology. Epidemi- 
^l^y^^ Management. Microbiology. 

^bwTe nst, besides enumerating the dlsei- 
.Jf engineering sciences'; also exemplifies 



lagement, Environ- 
irces Engineering, 
rs. The scope of 
pvaluated only on 
les which, depend- 
lean be consi<ler- 



Pi^otection, Environmental Ma 
' mental Chemistry, Water Rede 
Air Pollution and several othe 
. those specializations may be 
the basis oi teaching program! 
ing on the/res'pe,ctive country, 
ably div.erse. 

above-mentioned eiambleaare sufficient ' 
to show that the nomenclature oj engineering dis- 
' cjliplines relative to^envirpnmen al protection and 
^anageiment is far from being eicplicit. It seems, 
however, that flirthervdiscussio i on the matter 
WgVJld k^e unproductive, since, ore may assume 
* thttt thef objectives ^of technjC^ogj arid the tasjcs of 
engii^e|rs,in environmental j)ro1ection and man- 
agement can be defined quit0 explicitly. From 
the pomt of view of the-trainingjof engineers in 
that ringe, it is most essential 
answWr the following questions:] 

(1) Ii^ it possible, within an 
course of post- secondary unlv^ 
cation, to .^chieye the qualificat 
engineer tG^:|n^ster all problems lin the area of 
environmental pirptc^^tion and mahageiiient^ or is 
it imperative to conduct sejjarat^ training for* 
various engineering sp^feializatioh? 

(2) Is it possibiej to determine some bc^ic sbe- 
^ CialiEati<ins for envii;*onment^l engineers \o^ be\ 

^> ^^re(y>mmended uni|^'er sally ^ indepi^ndent of the de- 
velopment levejr of respective countries? \ \\ 

(3) Is itjapssibleito d^teitoine.some optimum 
recommqMed comqnon teaching disciplines for 

^^all specialisation lilies of environimental v 
^ " engineers? , i 

(4) In what measiire and what scale should be 

. promoted post-graduate training - national^ re- 
gional, interhationa|.? ^ * „ ^, •< 

While ! the replies fff these qiiestions i 
certainly be subject to a discussion of theEi 
Group, some siiggestions relative tb the mp 
will ensue in a fuller part of this paper^ 



therefore, to 

^erage flve^y^ar 
3ity levfel edu- 
?n of a^one-type 



will 



2. PRESENT GONDII 
TRAINING ORGAI 

2. 1 'introduction^ 
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^objectives of engineering in environmental 
Fotection. ' - 

In the range o^ technical sclenCess, "sanitary 
engineering*' represents q specialiiation'of long- 
term tradition. In the course of itff development, 
thq^^ scope of that discipline has been time and 
£igain broadened to include new areas covering, 
in growing^ measure, matters i*elative to envlron- 
' mental protection in its extensive understanding. 
For this reason, §part from the term of "sanl^ 
jtary engirie,ering'* one encounters eiometimess^^ 
the t^rm of ^'environmental health engineering". 

" Alongside with saidtary engineering and en- 
vironmental health engineering, there exist. In 
the area of environmental sciences, various^ 
other disciplines qualifying tor the degree -pf 
MaBter of ^Scletlce or Its equivalent, sticii £^ 
e.g. Envlronmei^tal Engineering, Environmental 
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The organization of academic education In re- 
spective countries, having been described in de- 
tail In the ,lJnesco.publicatlons(3)(4), we are here 
limiting ourselves to no more tha^ several state- 
ments necessary In view ^of further expllclty. 

Notwithstanding considerable difference In 
the organization of the university level schooj. 
systems In respective countries/ certain regu- 
lat^lties eMst'ln this area. The starting level 
for academic education' Is in completing of pri- 
mary and' .secondary educatloh lasting In all 11- 
13 years. Higher i^tudies are undertaken at the age 
of 17-19 and la^t 4-6 years in the caiae^f tech- 
. nicalosclences. Jhe period pf academic train- 
ing Is often divided into two ste|)S of which the 
first, taking 2-4 years, ends with awarding a 
certificate of the 1st degree (Dlpldtne imlversl- 
talre de premier cycle, Ing^leur,. Bachelor *s 
xie|^ree)V The following second step training,' 
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lasting, 1-^2 yearia, ends with awarding a certifi-j 
cale ofhigherdegr<?e (Dlplbme, DiplOme Ing^nleur, 
Master^s Degree. MaftrlBef.^ Nupieroua unlA>er-; 
alty l^vel technical schools conduct thlx^d-st^pi 
training, ending with the award of a Doctor's tHle 
(DoqteUir de sp^clalU^, Ddctor's degree). 

Irrespective of studies continued within an 
overiyi training cycle, there are organized some 
post^graduatldn training courses lasting 1- 2 years^^^ 
the completing, of which usually ends AVlth voca- 
tional qualifications for a particular' flelcl of^ 
specialization. i 

The requlremrents to be met by environmental 
protection engineers Justify the statement that 
one may talk only/of training at a level corres- 
ponding' to the award of a Master's degree, or 
still higher, in further discussing the organiza- 
tion of (raining in enAi^fronmjental protection, atten- 
tion will be given mostly to the secd^nd step of 
university level education. It Is emphasized that 
when tallclng of environmental engineers, we shall 
always understand the term as corresponding to 
a completed second degree university 'level 
education. 

2. 2 Complete cycle of engineers' training 
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HO document(5) published in 1971. presents 
ey of programmes for technical training In 
environmental protection, as provided by the 
universities of Sao Paulo (Brazil), Valle, Call 
(Colombia). Calcutta (India), Bangkok (Thailand), 
Kyoto (Japan), CaUfo/nia, Berkeley (United States 
of Amqrlc.a), North^arolina, Chapel Hill (United 
\States of AmeHca), Kuibyshev, Moscow (USSR), \ 
and Naples (Itlaly). Moreover, ufeeiwasjmade of 
^ ih^ detailed pi-ogrammes of training In 1971-1972 
/at the unlvefsitls of: Pennsylvania\6), Stahdford(7), 
/California Institute of TechnoWytoA Nforth Caro- 
/ Una at Chapel Hlll(9); MassachSsfb/ts Institute . of 
/ Technology! 10), as also at all the acac^^emic level 
technical schools in Poland, ^though/ the pre- 
sented material is somewhat Incomplete, it can 
' nevertheless serve as basis for the formulation 
of some general conclusions relative to the pres- • 
ent condition of training organisations. 

It may be assumed that, within the five-year 
training cycle, students ^ave a total of about 
4, 000 occupation hours (lectures, laboratory, 
exercises). The entire training programme may 
be divided, most broadly, into four subject groups :* 
human sciences, fundaiiiental science-s, engineer- 
ings science's and specialization disciplines. One 
may, molreover, as|sume that in the respective 
subject griDups the scope, of training will be as 
follows: ' ^ ' ' ♦ 

Human sciences - economics, philosophy, politic 

cal sciences, soclolojgy, foreign languages, etc. 
Fundanlfentai sciences '- mathematics, physics^ 

chemistry,' biology. 
Engineering sciences -"working out of projects 
and industrial design/ eleatjr6technics and 
electronics, fluid and ^sjWa bpdy n^echanics, 
thermodynamics, g^x)rfesy, instrunjiantatldn 
and meaisurement. \ 
Speciallstld subjects are, obviously, different 
for the respective fields of study.» 



. The time ratio afforded to training in the 
/respective subject groups ^varies widely depend- 
ing on the country and university; in general, 
however* it is comprised within limits presented ' 
in Table 1. , . 



Table 1 



Discipline 



Training tyme 
per cen t of /total 



Hitman sciences 
Fundamental sciences 
Engineering sciences 
Specialization disciplines 




4 20-40% 



Primarily^ the training of engineers in disciplines 
relative to environmental protection has been de- 
veloped within civil engineering and sanitary en- 
gineering departments. Main stress was /then 
laid on matters of (j^ater^ supply, domestic 
wastewater treatment, waste disposal ani 
ing and ventilation. An example of such/ 
Uzation is provided by the graining progi 
in. sanitary engineering at the Sao Paulu 
slty(5), presented in Table 2 - see Ar 

In recent years, the number of specl 
in envlronn>«ntal protection has consic 
creased, particularly in the United Sti 
versities permit following such specil 



lines as: water resources 



water qii 
ti^y dnj 
J enW^ 
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agement, environmental chemist 
incjus trial hygsene, air pollution, 
prbtectioi^ environmental ithanageiheiit, envlron- 
m,^ntal engineering, radiological hygiene. 

The essen(tial changes in training pJiogrammes 
rriainly consist, however, not on broadening the 
range of possible specializations, but. mostly, 
on the over^l approach to environmental protec- 
tion and pn the^ su<;^esslvely increasing introduc- 
tion of system analysis elements. ^ « 

The United States universities assume a 
principle of far going individual differentiation 
of training programmes, enabling the students 
to adopt flexible sets of programmes, providing 
that the weekly number of effective occupation 
hours amounts to 20-30 hours. Illustrative pro- 
grammes of specialization training in water quality 
management!, air pollution, and envir6nmental 
management!, afforded at the U^versity of North 
Carolina at Chapel Hill(d), .are^presented in 
Tables 3, 4 and 5 - see Annex L - 

The advantage of the quoted programmes * 
lies in their interdiscipline characteristic and ' 
flexibility, enabling (^ne to choose sets in various 
variants of stud^ courses. Carrying through of 
such type of training organization is, however, 
possible only in big uhiversities having a numer- 
ous teaching staff, a's well as an extensive re- 
search equipment. - 

In Poland, training in environmental protec- 
tion engineering is conducted by five university 
lev?r technical schools, ^enabling specialization 
in: water management and hydrology, air pollu- 
tion control and sanitary engineering. An illus- 
trative programme of training in air pollution 
control conducted at the Warsaw" Institute of 



Technology ( Polite chnika Warszawska) 1b pre- 
sented In Ta^e 6 ^ see Annex 1. 

It seems xHai' the above quoted examples of 
study program nne s, ^na61e ^ clei^ enough view of 
the exiting organization and scope of envl^on- 
mental engineers ' training. They may also' se rve 
'as basis In the formulation of coi\clus ion relative* 
to the recommendation of iralnlng systen\s, 

2. 3 Post-graduation training courses 

In times of rapid changes in the technique and 
methods X>f approach to environmental protection 
matters, an essential part of the engineers' train- 
ing is played by post- graduation courses. A mong^' 
those orgaiilzed in this area » one may distinguish: 
* (1) Specialization traiping courses ta,king at 
least a full academic year. 

(2) ^Short-term 1-2 months vocational training 
courses. 

* Courses of both tjrpes^a re now conducted on a 
national, as well as on an international scale. 
The organization and topics are, naturally, con- ^ 
siderably diverse in respective cases 1 It is worth 
while, however, to take note of the illustrative 
programmes of training sponsored by (fable 7 - 
se^ Annex I) at the Mohammed V UaiVer'sity, 
R^bat, Morocco(ll). 

2.' 4 Final considctrations 

Evaluating, on the whole, the present condition 
*of engineers' training in en^vironmental protec- 
tion, it is possible to observe a considerable di- 
versity of schemes and trends not only within 
particular countries, obut even within particular 
teaching institutions. In the majority of cases, 
however, training in environmental protection 
'is being developed through evolution of the tra- 
ditional and narrowly comprehencjted training in 
the field of sanitary engineering. / One may take 
the risk of concluding that training in the specia- 
lized discipline of environmental pr<jitection is in 
general, particularly as regard^ th^ matter of 
training, severely belated in relation to the rapidly 
growing needs in that area. 



3. PROPOSED DEVELOPMEN;! 
3; 1 General remarks 

The human environment is not a c|ollectit>n of 
isolated events and phenomena, but rather a vast, 
integral', tnutually interacting system* embracing, 
at global scale, thle whole world. In this regard, 
^y action undertaken to the benefit of particular 
areas or population groups may not be estimated 
aa absolutely good or evil without first taking into 
consideration its possible effects 'p^^o^^ced in 
other areas or population groups. Simultaneously, 
any action leading at present to seemingly positive 
effectis may have future detrimental or even cata- 
strophlc consequences. This aspect of problems 
relative to environmental protection necessitates 
the" assuming' of rather essential modification in 
the way Of thinking and the mentality not only of 
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experts responsft/le for environmental protection 
but, virtually, of enJtlce human societies, With 
this background, one may formulate: ^ 
Recommendation 1 : It is necessary to introduce, 
' into the tuition programmes of all levels, from 
primary to university, some elementary con- 
• centration not only on the imperative need of 
environmental protection, but similarly on the 
<2omposite nature and interdependence of all 
. phenomena involved. 

Problems of environmental protection reduce, 
in brief, to limitatidn of raw jnate rials, use and 
to limitation^of w^iste production. Assuming, 
even, the prospect of essential changes in en- 
gineering Science and technology, o|^e must, 
none the less, reckon, in a foreseeable future, 
with constant g/'owth'of raw materials use and, 
constant growth of waste prodqction. Possible 
i^olutions^of the problem must, therefore, be 
sought not only through engineering, but likewise ^ 
In modfylng the life patterns of whole ^societies, 
and particularly those of highly developed coun- 
tries. It seenris that satisfactory results in en- 
vlronr ental protection cannot be expected before 
there are essential changes* in life patterns, con- 
sisting on reducing trends In the unrestricted 
consumption of material goods, to the advantage 
of trends towardi^ profiting of cultural values. 
Important rdles are here to be played by adequate 
education and training, and. In this regard*, one 
may suggest the following: 

Recomlnendatlon 2 : It Is necessary. In the tuition 
programmes of all levels, from primary to 
academic,'' t6, place emphasis on elements able 
to lead towards modifying man's mentality In 
a sense where aiming at Increased consumption 
of material goods- would be replaced by aiming 
at increased cultural values. 
To achieve satisfying resTilts in environmental 
protection, mutual co-operation of engineers, 
economists, physicians, biologists, sociologists, 
etc. . Is a necessity. Such co-operation, how- 
ever, may be posslbleonly if all those vocational 
groups use the same "language". Moreover, the 
respective groups **should have substantial know- 
ledge of the scope of Interaction, and of the actual 
possibilities of effectively Influencing the process 
of environmental transformation: 
Recommendation 3 : It Is necessary. Inthegrad-^ 
uate tuition progranimes of all specialization 
disciplines relatlve.to environmental protec- 
tion, to introduce elements enabling^ mutual 
exchange oflnformatlon and mutual understand- 
ing among jthe various vocational groups. 
In effect, the activities of any engineer and par- 
j tlcularly tly)se of an environmental engineer, 
always lead in consequence to some changes, 
both social and* economic. For this reason, 
human and social sciences should have a grow- 
ing part in the education of environmental engin- 
eers. The above postulatlon has been developed 
and Justified In E. J. Holsteln's work(^). On this 
basis, one may formulate the following: 
Recommendation 4 : The engineer of tomorrow 
must have, in the rang« of social and human 
sciences, a knoysrledge sufficient to enable 
application of his technical skill inthe solution 



of important social prot^lems and thjua to <Jon- 
trlbute practically to ^ocl^l progress. // 
T^e essetittal rtle of mathematlc|^ in Ihe tmining 
of engineers is gaining more and/more esteem in 
universal 0pjnion(5). envirownental engineer- 
ing, v/Mr^ ^ is fUndan^entjilly necessary to deal 
with compo^te p'robleijns including^ moreover, 
multiple variables arid; requiring routine use of 
computer techniques, the rOle of mathematics is *' 
still more .essential. The language of mathema- 
tics, being universal, facilitates comprehension 
among tl^ose specialized in various fields. Con- 
sidering the above statement as pbvlous and not 
requiring Justification, one may formulate the 
following: 

Recommendation 5 : It is necessary. In the pro- 
grammes of environmental engineers* trjalnlng, 
to emphasize training In mathematics as of a 
science enabling both- adequate formulation and 
solution of the numerous tasks relative to en- 
vironmental protection. 

3. 2 E&vironmental engineering as 
science of systems analysiy 

The general opinion now prevailing is that the only 
way towards solving of engineering problems In 
environmental protection Is In the adoption of the 
systems analysis principles. In Mr. Thompson's 
paper presented at the Uhesco E6cper't Meetlng(12) 
it is stated "Environmental problems must be 
concelved^n the scope of ever larger physical 
systems. The effects' of the engineer of develop- 
ing technologies must be addressed to broader sys- 
tems as must also be the analysis that would make 
best use of present and developing technologies". 

The WHO Eo^perts Report(13) states. In tym: 
. . methods^ applied today by engineering and 
design services for solving of environmental. hy- 
giene problems are totally different from those 
used earlier. To draw plans, to proceed in re- 
search ^nd to Iwork out the* equipment, material 
and services, lit is now necessary to base on. the 
notion of 'systems' Implying use of analytical 
methods In soli^^lng of problems relative to the 
multiple variables to be accounted for In the dis- 
tribution and utilization of resources". 

One must, moreover, point out that systems 
analysis i^t present the sole available method 
to adopt decisions in the scope of technology w>th 
full account taken of the various" economlca^^ so- 
ciological and ecological factors. Systen>^ anal- 
ysis provides, equally, an excellent base of com- 
mon understanding among those 'specialized In 
various fields. It seems, therefor^', fully justi- 
fiable to use systems analysis aa an lnltl?il basis 
in the training of environmental engineers. 

In the classical approach, the way of proceed- 
ing in system analysis may be divided Into four 
•steps(S); ^ , ^ ; 

(1) Working out of a mod^l compatible with the 
existing techniqu^^^of)mathematics and Informar 
tiori, proper accounx being taken of ttie system*s 
principal mechanisms. 

(2) Definition of an.objective function enabling 
ciassiflcatiOn, in preferential order, of all con- 
ceivable designs and plans* * 



(3) Empirical estimation of the nrfodel's para- 
meters In the situation under consideration. 

(4) Solution of the model using mathematical 
and coinputer techniques.. The problem consists 
of finding, for the variables Intervening In de- 
cisions or even In the' concepts of values maxlmlz- . 
ing:or/more generally, optimizing the objective 
function. A 

Overall utilization of the classical methods 
of systems analysis In environmental protection 
Is still meeting with consid^able difficulties. 
First pf all, it Is so me'times impossible to es- 
tablish the objective function because of the large 
number of different parameters of. the system. 
Today, it is difficult to Include In the objective 
function the effect of pollutants on man's health 
or on nature. Moreover, the numerous attempts 
at developing, of mathematical models describ- 
ing. In composite, aH the environmental elements 
have not so far brought satisfactory respulti^t 

On the other hand, however, real poablbllitles ' 
already exist to solve bptlnilzation problemer of ^ 
some of the Environmental sub^ system's, as e. g. 
water management, or air pollutant's <|lrculation 
in the atmojfepher^. Irrespective of this, eyen v 
partial utilisation of systems analysis principles, 
may lead to 'most appreciable results In solution 
of 'problems re„latlve to environmental protection. 

All the above advantages of svstems analysis 
completely justify its acceptance a\s a basis In the 
training of environmental engineer!^ 
to foripulate the following: 
taiesls 1 : The principles of syster 
should be assumed as a basis In 
of environmental engineers. 



entitling us 
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3;. 3 Engineering specializations In 
envirc^nmental protectlorr . 



The objectives of engineering and the! tasks of 
engineers hiaye been often discussed and quoted 
at various oonferences and meetings, 1 national 
and International. At the Unesco Expert Meet- 
ing on Environmental .Engineering(14)] the objec- 
tives of engineering and the tasks of engineers 
were definedlas follows: "The engineer is par- / 
ticularly concerned that' the e.conomlc and social, 
considerations which guide this selection of tech- 
nological solutions for decision-making, ancithat 
the consequences of the technological solutions 
foj^nd Be^ptinilzed to theuwelfare of man. It 
follows thatKenvlronmental engineering c^n be 
defined as the^exercise of the engineering disci- 
plines taking into full account t}>e full environ- ^' 
mental consequences of the proposed solutions 
In deference }o the expressed soclo-economlt 
needs leading^to engineering artifacts". 

In tu rn, the WHO Expert Committee! 1 3) states 
that the environmental hyglen^engineer "must 
be able to advise on: locallzatlohv^ agglomera- 
tions and blg^ei*mal power plant s^^^pMblems of 
the transformatlbn of fertile land areas ihtQ trade 
and ^residential zpnep, type of waejte 'diajjosal 
system to be provided for the determined Indus j- 
trial* or agricultural enterprise or branch of 
activity; choice of propulsion mode to be adopted 
for common transport vehicles; utilization of 



local resp. of Imported materials for housing 
construction, etc* He must have a knowledjge of 
all factors to be accounted for in: management 
of water supply systems; liquid and solid waste 
disposal; hygiene of food and of its storing com- 
partments; prevention of occupational diseases 
and accidents; reduction of air, water and soil ' 

^pollution;' vector control, etc.'*. 

In a report of the WHO Expert Committee(13), 
the term of "environmental health engineering** is 
defined as follows: "application of engineering . 
principles to the control, modification, or adapta- 
tion of the physical, chemical And biological fac- 
tors on the environment In the Intei^est of man's 

liealth, conifort ^nd social well-being". 

According to the latest version worked out 
by WHOCl4), the definition of a sdnitary engineer 
reads: "The sanitary engineer Is an engineer 

, having acquired appropriate training (preferably 

'. Rost-graduate or third degree level) enabling him 
to apply technological principles in; 

(I) the prevention, control and handling of en- 
vironmental factors Influencing man's physical, 
mental and social health and well-being; 

(II) works. and procedures necessary fo^r main- 
tenance and improvement! of the human environ- 
ment quality level, in vie^L to ensure man!;s health, 
comfort and efficiency. 

- He performs tasks similar to those of a civil, 
a chemical, or a mechahical' enjgineer,' while, 
however, concentratlng^his performance on plan- 
ning, calculation, design, cmeratlon, maintenance 
and control of specialized iiist^llations, such as. 
for example, equipment ud^^d for the control of 
air, of soil and of water resources quality, 
human environment and working places, and par- 
ticularly of drinking water ihstkllations, of solid 
and fluid wASte disposal, of veictor Control, of 
habitat hygiene, noise control, disposal of nocive 
gase^s and of industrial waste; he evaluates,^ 
finally, the output of such installations. ' 

In collabol^ation with public healthv^octors 
and other scientific personnel, he investigates 
environmental factors, he organizes and super- 
vises measurement and survey proglrammes of ^ , 
man*s environment quality; he contributes to the' ^ 
working out of reports relative to the Impact ' of 
development and cons^^i^uction programmes on the 
environment; he undertakes, research and Investi- 
gations, participates In the working out of hygiene 
standards^ applicable in urban and regional plan- 
ning and in evaluation of the precision level and 
efficacy of programmes and of measures assumed 
in view of protecting man's health and well-being. 

He plans, directs and co-ordinates the en- 
vironmental hygiene programmes carried through 
public health institutions and other gbvernment 
departmients, by autonomous public type units, 
and by private organlza^bns and enterprise; he 
organizes research ar>d Investigations relative to 
the economical, finaficlal and legal aspects of en- 
vironmental hygiene". 

In all WHO recommendations and definitions, 
main stress is, obviously, laid on thpse items in 
environmental protection whicb>^f feet directly p^^, 
irnan*s healt}i. In a broader sense, environmental 
protection means the- protection of the entlrC-^ 



natural environment and the proper management 
of natural resources. Attention should therefore 
be given to the following range of engineers ' ac- 
tivities relative to environmental protection. Im- 
portant alongside with those listed* earlier: 

(1) working out and Industrial scale Imple- 
mentation of new techniques and technological 
proceedings permitting to reduce the menace 
of er\vironmentalt^amage; 

(2) working out and implementatloa. of new 
techniques and technologlea permitting to reduce 
the use of raw materials and their recycling; 

(3) working- out and Implementation of new 
techniques and technologies permitting to reduce 
pollutant's emission to the^envlronment - equip- 
ment for emitted gases purification, sewage 
treatment, wastes conditioning, etc.; 

(4) ' working out and Implementation pf new 
techniques and technologies enabling rec ultiva- 

lon of ^devastated areais. \ 

Regarding the above objectives of engineer- -- 
ing in environmental j)potectl6n" it Is nwfeover 
necessary to point out that th^y may be realized, 
at different scales. It Is obvious that different 
methods of proceeding will be adopted in solving 
the problemaat a scale of, for example, one,ln- 
dustrial plant, or at the scale of vast regions. 

In view of the diversity jof tasks imposed on 
engineering In environmental protection and the 
diversity of scale at which the tasks may be rea- 
lized, the question of the engineers' training ojr- 
gai^lsatipn and of the specialization llne^ required 
l^emains controversial and subject to discussion. 
It is also necessary to emphasize the grb wing 
disproportion between the scope of capacities 
expected from engineering specialists and the 
existing possibilities of training engineers tb 
satisfy all requirements of the p^posed scope 
of abilities and knowledge. One may, therefore, 
assume as non-controversial the follo\ying: 
Thesis 2 :.^ The objectives of engineering and the 
tasks of engineers In environmental^protection 
cannqt be achieved by engineers of the same 
voca,tional specialization. It is therefore neces- - 
sary to train engineers qualified ^different 
specializations. 
Regarding Thesis 1, it is, however, to be added " 
that the aiming to introduce ever more engineer- 
ing speciallzatlona hafs lately been meeting with 
justified criticism. It is thus necessary to pro- 
ceed with conslderable_Bi:udence, • in keeping 
within reasonable neecfs. One may, on this ground, 
formulate the following:- 

'yhesis 3 : The number of engineering speciali- 
zations should be limited to the necessary 
minimum. " 
Giving 'attentlpn to the aboye two apparently con- 
tradictory theses, one should consider which Of . 
the objectives of engineering In envlronpriental 
protection are the most essential, 'and whether 
all of these objectives might no^ be achieved by 
engineers of one vocational specialization. It Is 
also necessary to answer the question of whether 
it ^is possible to'^suggest svch a type of engineer 
who would be equally useful ln*thi^ developing and' 
In the highly Industrialized countries. It se.ems 
that satisfying such a condition mayi^e possible 



tf« aiarting point, one uses the notion of 

V Subsequent to the above statements, it is 
pojisible to formulate the following: 
Theale 4: The whole of engtneerlng specializa^ 
ttona in environmental protection may be classi- 
fied In two groups: that of environmental man- 
agement engineeiips« »and that of environmental 
protection technology engineers. ^ 
Engineers of the fo;*mer group will be directly 
coneemed With enViironmental protection systems, 
or ill other words> with problems of planning, 
administration and management at the scale of 
large regions; engineers of the latter group will 
be concerned with solvirig of determined engineer- 
ing-problems relative to the working out of instal- 
lations and tech]|ologlcal methods used to reduce 
e'nvlronmental menaces. ^ 

Aflwimlng that such a classification Is adopted 
In discussion, let us now conslderivhether further 
subdivision of the two groupSs Into still narrower 
specializations seems necessary. 

3. 4 The profile of the eriVlronmental ^ 
management en^neer 

Based <^n the ea rile jiroppsed assumptions, one 
may suggest the fdllowlng deflnltlpn:\ enj/lron- 
mental nr^ageijaent engineering Is A science of ^/ 
analytical methods ai\d technical applications 
leading to optimized management, at the scale ^ 
of large regions, of the various environmental 
elements in view to en&u^e social and living con- 
dltloiiB^ prc)per to man's heaKh ahd his well-being, 
and to enable „ rational utillzatioh of natural 
^resources.' * / ^ 

For full clarity of the reasoning to be used 
as regards training, the characteristics of an 
environmental engineer ^111 be illustrated by 
listing the scope of his abilities and:,)cnowledge In 
direct relatlo/i to his professional activities. 
Thus, the environmental management engineer 
should have the following abilities: ' .\ 

(1) Application of Systems ari^lysls prlnd^es * 
In problems^' of ^environmental protection an4 
management. 

(2) E^cpresslon of problems needing solution In 
the form of algorithms and computer progi*ammes, 
as well as familiarity with c6mputer utilization In 
roiitlne professional \vork. .'' 

(3) Planning and orgemlzatlon of survey networks 
for environmental (air, ^yater, soli) pollution 
measurement. i 

(4) Planning and organization of pollutants y 
' emission measurement. V 

(5) Operation of up-^tordat^ Instrumentation for* 
field and laboratory taneasuremeiits and for vari- 
ous Investigations. ' . 

(6) ^Planning of syst^ihs for data cOUectloh ^d 

processing. / ^ ^ » 

(7) peslgn of inj^h^atlcal models of pollutant 

' clrcalatlon an^ tf^ansiormatlqn wlthlrt the environ- 
ment. ^ \ . ' ' 

(8) Preparation tft long-term^/orecasts on the 
requirements for energy, raw materials, etc. , 
and of forecasts on the level of menace to the en- . 
vlronment and 6ti environmental changes. fil 



{9) Determination of principles for raw mate- 
rials management, Incltiding water and air 
management. 

(10) Determination of principles for re'glonal 
and urban planning;^ Including proper planning of 
communication systems frbm the point of view 
of environmental protection. 

(11) Evaluation of varlOus industrial sdale 
processes fx^djph the point of view of their effects 
on the envlx*onment, and recommendations on the ' 
necess^ary Improvements in these processes. 

(12) Evaluation of the operational efUciency 
of equipment used for gasds purificatldn, sewage 
conditioning, waste >rocessing, etc., and rec- 
otnmendatlons on the necpsSaiy Improvements. 

Alongside with the above abilities, the en- 
vironmental management engineer must have 
some knowledge In the fields of; 

(1) theory of' management; ' 

(2) economics,^ ' ' 
(S) public administration; ' 

(4) legal regulations and ^tandaz^ds in the ar^a 
of envlironmental protection; y ^ ^ 

(5) regional and urban planning; 

(6) epidemiology; 

(7) / ecology. 

It seems entirely feiislble to feichleve the train- 
ing of an en^neer confprrifilng to the above 
characteristics jvltHln a five-six year period of 

' post- secondary education. It Is, moreover, 
possible to st^te that the above type of engineer 
may satisfy mbst of the earlier defined charac- 
terlstlcid of environmental engineers. 

The environmental management engineer 

•should find employment In central and local 
government bodies Involved In management, 
planning and control; « In the design and research 
division!^ of Ixhportant Industrial corporations; 
In the scientific research units concerned wjlth 
environmental protection, it is obvlpuS that the 
demand for such types of e^iglneers Is high In 
both the developing and the industrialized coun- 
tries..^ With reference to the above, it is suggested 
to adopt the following: 

yhesls 5 ; The trdlhing o^ environmental manage- 
ment engineers should be considered as ih^ 
basl<; type of specialized training ^ot^'engineers 
in environmental ^iprote^ctlon/ The need for en-^ 
glneers of sufch types lsj&<iually strohg In de- 
veloping and In highly iiJdUstrlallzed countries. 
Let us consider now whethei**. In the frgunrle of the 
' environmental management engineers ' training. 
It is useful t6-adopt still narrower speclsiLizdtion ^ 
lines, such ab'iiirater resOUk*ces management en- 
gineer, air protection maha^ement engineer/eftc. 

/ From t^e earlier assumed nrlnclples . of a 
systems analysis kfilJtipach to problems 6f enVirdn* 
mental protecftlon It follows that all the enVlr'dft-^ 
mental elements should be coflsldered as onejj 
' compojalte unity. o< system. For this rep^ao^tpie 
' Introddc tloft Of s ull narroWferSpeclallzation seeths 
unnecessary* Nevertheless, through differentia- 
tion of study prOgramfneS and provlslohoJ opitiohiil 
subjects. It is {Ibsslble to proiHde for the trtin-* 
ing of gi^aduates ^ selectedenvironmental areas. ^ 
The matter will bfe given furthe r consideration In 
p discussion of (Suggested ti^alnliig programmfea. 
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protectton technology engineer 

Inacpordance with tl^e earlier a^ggested division, 
eiiy^oimiental protejction technology engineers 

\ P0|>reflent't^e group jo^ (^i^gine^rs designing and 
supervising the execution and operation of spe- 
ciflb engineering wo,i|*ks, instMl^tions, machin- 

.^^ry, and equipment qirecUy related withenviron- 
mental protection. Because of the diversity of 
objectives imposed 4>n engla§eri|kg and of tasks ' 
facing the engineer in this G|||'ea,> there is, in fact, 
no engifieerlng specialization that Would not be . ^ 
useful in rel^\ion tc^ environmental protection. 
For thi^ reason^ the elaboratlor^ of training pro- 
granges in specializations related exclusively 
to environmental protection, in Which training 

' overaflve-slxyear cycle of education Is dIfficMlt. 
The first apprba^lmatlon will he In a trial tb 

\ classify the objectives of engineering In environ- ^ 
mental protection into related groups, with the 
resei'vation bei^g made that any s^uch classifica-^ . 
tloa will always tend to be-contrpversial. It is, 
nevertheless, proposed to Identify the folldwlng 
three groups of items: 

'\ (1) Ne \y t e ch nologie s : Improvement of manu- 
facturing ^echjcjlque s and technologlea^ Newanate- 
rials arid raw materials. Recylclne; . * 
, v (?) industrial hygiene : hCating.yVentilatlng 
and .conditioning. Air pollution control. Protec- 
j- Uori of radiation. Noise evaluation and control. 
(3) Coninlunal hygiene : water for domestic 
use.^ Water for Indus trldfl use. AA/aste w^ter con-. 
sideration« Industrial waste treatment processes. 
Solid waste. Collection systems. Sanitary land- 
fill disposal. Incineration. Composting. Vector 
contfoL Sanitary consideration in food handling. 

^ Regarding thf first group pf problems. trAln- 
Ir^ li;^ one complete 'study cycle is practically im- 
possible. Problems of engineering implying im- 
provement of te|chnoiogical proceedings ^ of raw 
materials use, etc. , must, be dealt with by engin- 
eers directly engaging in the design of technologi- 
cal processes, of machinery an^ equij^n^nt, by 
mechanical/ electrical, n>etallurgicai, chemical, ^ 
and other such eijglneers / Even ^appliance 3 fipe- 
cifijCally related to the area of environmental pro-^ 0 
tectlon, such as those serving for dust separation 
or gaajpiarlficatlon. niust be workedbut by mechan- 
ical, electrical or chemical engineers. Similarly,' 
all problems related to agriculture as regards 
, u^e of plant protection agents Ukely to have a * 
.deltrimental effect on the environment, have to be 
^ dealt with by agricultural engineers. Engineers 
Oil aU specialization must, however, be fully con-. 
Scipus of the menace^ to the environment result- 
Ijlj^g from engineering ent$rpi^is IVtoi^over, any •» \ 
engineering design should be subject to analysis 
from the point^pf view of adopting possible im" 
ptx>^ement3 4^mlttlng to reduce environmental 
menace H. On thes^ grounds, one may suggest 
the following: 

ifccPnrin^iendatlon ; In all disci|ilines and speciali- 
Jsations of engineering education, it is recom- 
inChcled that the sul:^ject '/Knj/irpnrnvnJtai pro- 
tectitjn*' he introduced^, clowely relating the ^ ^ 

■ jirdt^lem^ ojr environnienlal prptiictl^^ to the 



specific scope of problems In the engineering 

specialization. , 
' Irrespective of this* it is posgible to introduce 
into the prograpnmes of the last year of tVaihing 
in spme specializations some optipnal courses 
directly relative to environmental protection. 

As regards the tiyo latter groups'' of prob- 
lems, i. e. industrial hygiene and communal hy- 
giene, training Is at present included within the 
scope of training in.the spe94alizatlons of sani- 
tary engineerir^g and of civil engineering. The 
term used for the specialization Is lesjs Import- 
ant, but the essential Is that, based on the above 
division, there is a very logical programme of 
training. On thli^ grdUnd, it is suggested to adopt 
the following: ' v 

Thesis 6 ; It is propose^ to^assume two basic ^ 
specialization lines' of environmental protec- ; 
tlon technology engineers: Industrial, hygiene 
and communaLhyglene. / * ' 

Engineers trained ip the ak^pve specialization 
should find employment in central an^-oocal ejj- 
vlronmental heal'th departments, In design units 
and engineering units,, in sanitary equipment 
plants," In supervision units of industrial plants, 
etc. It se^ms likely ^hat demand for engineers 
of such types is considerable In all countries of 
the world. ' t • - 
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4. PROPOSALS/ON-TpE.ORGANlZATIOl^ 
AND PROGRAMME OF JRAINING ^/ 

4. 1 Forms and duration' of training , ^ ' 

The very extensive sc9pe of Icnowledge and abil- 
ities demanded of envii^onmental engineers justify 
the proposa^ that university level education in Its 
whole cycle should constitute the basic form of, 
training iiyenvironmental engineering. Irresppo^ 
tlve of whether, depending oh the organization^ 
pattern d>f particular university level schools, ; 
the t raining be one- or two-step, ij is further 
assumed that the. total period of training be five- 
six yeayj^^. Prior formulating proposals for 
training programmes. It Is assumed that each 
acaidemlc year Includes an average of 30>weeks, 
and that the number ot training hours amounts to 

Jiours»per we^» The total of training 
-hours Is therefore assumed :ati 4, 000 to 5, 000 
hours. ' ^ > 

4. 2 Classlflcatilon Into subject groQps - . - 

Parallel to the discussion, under S^/the assunrip- 
^tlon is m^de that one tnay Classify science lnjto: 
humon^and social sciences, fundamental sciences 
engln^i^lng sciences and specialization disci- 
plines. In this regard^ o^h^ may adopt the following: 
Thesis 7 : Tuition In tfte human, and social sci- 
ences, as also in. the. fundamental sciences* 
may be cCmmoil for all environmental ^ngln^ 
eers, for both ^nvironhle||tal maifagement en- 
gineers and environmental protection technol- 
ogy engineer©/ ' . 
A s e m pha si ze d fti an e arJie r re c ommenda t lo n , 
the human and social scienqe^ ^i'e of dominant 




importance In the education*of environmental en- 
gineersi On these grounds, it is suggested to 
foresee at least 20% of total training time, for that 
subject group, that is 800-1. 00X\ hours. 

The importance of the fundamental sciences 
of m'athematics. physics, chemistry and biology 
in the education of engineers, and particularly of 
(environmental engineers, is obvious. One may 
oniy add that knowledge of them affoiids increased 
possibilities 6f flexible* sfelf-adaptation of gradu- 
ates to the concrete tasks of engine'iering practice. 
It seems reasonable to consider 20-25% (800- 1.200 
hours) of total training time as the absolute mln- 
imuni for these subjects.. 

On these grounds.'.the time left for tuition in 
^ engineering sciences and specialized disciplines . 
is' equivalent to 55-60% of total training time. i.e. 
2, 500-3, GOTO hours. ; '5^ 

4,3 Humftji. Unci social sciences 

The <:hoice of the scope of training in the hurhan 
and social sciences will, of course, depend on 
tradition,,differ in different countries and in differ- 
ent university level technical schools. No strict 



standards may therefore be established. It seems, 
however, that priority should be. accorded to po- . 
litifeal economy, psychology and sociology. 

It would be advisable that the teaching pro- 
^ramrales In' humfein and social sciences be pre- . 
piare3 with the help of experts in these fields*, as 
recomrnended by the t)epartrnent of Social Sciences 
of Unesco, or of the Department Itself. 

" 4. 4 Fundamental sciences ^ / ^ 

Definition of the scope qf teaching as regards the 
fundamental sciences requires an estimation of 
the knowledge level of students admitted to the 
first year of university level tecl^nlcal education. 
Since the initial level may differ in various case6. 
it m^y be'^necessary to supplement knowledge in 
mathematics, phypics. chemistry and biology, 
up to the. level necessary to undertake normal 
engineering education, tiy means of a^Vreliminary 
year of preparatory tuition p^t included in the 
proposed full cycle of training. On this basi^ ii 
lis possible to propose a repartition of iixne for 
' the teaching of fundamental sciences, as shown . 
in libla 8. " ' 



Table 8 - Fundalriental sciences 

s 5 *■ ^ 



Course No. 



Subject 



Hours 











Exercises and 






' Total ^ 


Lectures > 


laboratory 


S. F. 1 


Mathematics 


600-700 


^ 400-500 


100-200 


S. F. 2 


' pliysics 


100-150 


80-100 » 


70-80 


. S. F. 3 


Chemist^ry 


10(M50 


80-100 ' 


70-80 


S. F. 4 


Biology ■ 


100-150 


80-100 


70-80 




/ Total 


900-1, 15^0 


640-800 


310-440 



Proposed syllabi in fundamental sciences are given; in Annex III. V « 

4. 5 Common subjects, of teaching in all speci^lizalions Of environmental engineering 

Independent of4|:he earlier mentioned groups of subjects, one may identify some more common subjects 
of importance to all specializatioXs o*f environmental engineering. These subjects and proposed teach- 
ing times are'presented in Table 9\ 



Tabl^ 9 ■ Common subjects of teaching 



Course No. 



Subject ^^.,\ ^ 



Hours 



C. 1 
C.2 
C. 3 
C. 4 



C. 5 

C.6 
G. 7 



Total 

. . 

Mechanics Of fluids . . 120-150 

Environmental chemistry 120-150 

Environmental biology 120-150 

Principles of electrical * 
engineering and 

electrbnics '1^0-15-0 
Sources of environmental 

hazards / 120-150 

Man and his environment 90-120 
Environmental law and 
standards 



Lectures 

60-90 
60-90 

'V, f ■ 



60-90 

100-120 
100-120 



E;>cercises and 
laboratory 

.60-90 
'^60-90 
60-90 

30-60 



3fO-60 
30^40 



60-90 ^ ' 60r90 
Proposed curricula for these common subjects are gi^^en in Annex III. 



4, 6 Programme of training in the 
apeciallgation of environmental 
management engineering ~ 

Aasumliig the vocational characteristic plenviron- 
mental management engineers as under 3. 4, and 

^.asaupaing adoption pf the pt*oposals concerning 
the groups of human and social, and pf fundamental 

'^scienoea« as well as bfrthe groupof subjects com^ 
moh to aU environmental engineers, it is possible 
to propose a programme of training as presented 
i^ Table 10 (see Annex 11)^ The hulnbers of hours 
for training in respective subjects are prop<^sed 
in Table 10. as minimum and maximum hours, 
the former relating to a (lye-year cycle of train- 
ing, the latter to a six-year cycle of training. It 
seems that for this specialization it would be proper 

" to q.ssutn^ a six'-year cycle of university level 
trainiJag. 

The order of teaching of particular subjects 
need not, of course, correspond to tljeir order in 
Table 10. Vfherever possible, several subjects 
are coupled into gl*oups of projblems which may 
' be taught as One subject, or as separate subjects, 
as listed in the table. This applies particularly 
to the subject groups of hydrologj?^, water man- 
agement, and water and waste water treatment 
installations. 

One .more remark of essential importance 
is necessary here: the scopes of all isubjects 



concerning design and technology of, for example, 
^ equipment for air purification or water and waste 
w^ter treatment^ are su|]iposed to acquaint the 
student with up-to-date, trends in the given field^ 
and with. the technological and economical effect 
of particular procedures. In principle, the train- 
ing in such subjects \yithin the j^roposed number 
of ^hours cannot hope to give full ability to design 
such equipment immediately the engineer graduates . 

The basic assumption of ttie proposed pro- 
gramme of tra^ng is^that all students accomplish 
obligatorily the' full programme, ^^ar^ower spe- 
cialization, on the other part, is possible in the 
- frame of specialized seminars for which 200-250 
hours are' foreseen. The types of proposed spe- 
cialiaeitions corx^espond to the training subjects 
or groups of subjects marked with asterisks in 
• Table 10. > 

To avoid ymisunderstsuiding as regards the 
- scope of training iii particular subjects, brief 
descriptions are given in Annex III. ' ^ 

^ 4. 7t. Groups of common subjects for » 
/ the jgpdfcialization Of environmental 

protedtion technology engineer.s 

In the programme of training for^esfe'eh regarding , 
this specialization, one may propose some sub- 
\ jec^s fits common for both industrial hygjlene en- . 
jlneers and communal hygiene engineer.s. The 
^.subjects are listed in Table 11. 



Table 11 - Common subjects for the^pecializaiion of 



Course NO. 



environmental protection tee 
Subject 




Hours 



T.C. 1 
T.C. 2 
T.C. 3 
T. Cl 4 

T.C. 5 

T.C. is 

T.C. 7 



■ . \ ■ 

Drawing and design 
Engineering mechanics 
Building technology 
A utomatic ^regulation 
V (control engineering) 
Sj^itary installations 



Housing and the residential 
envir6nme|{t«^ 11 ^ 

. Proposed syllabi are given in Annex III. ' 

4.^ .^ .T.^atning programme in th^ , ^ / 

s ^ cffalis^ation of industrial 
hygpL^^^ engineering 

Taking into -inside ration all th.e subjects taught 
in common, one may propose the programme of 
training in the above specialization as shown in 
Table 12,* Annex 11. Narrower s|pecialization 
may be achieved through seminars in /the areas ^ 
of subjects marked with asterisks in Table 12. 

It seems that With regard to specialization 
in industrial hygiene engineering, ^the^achieve-* 
ment of a full progranr\me is possible within a 
five-year cycle of training. For this reason, 
thcr prppo^^d total number pf hgurs is 4,000. 
rbai^hlng firofiles fof psjjr ticular iiubjiScts are 
Hftttii^-'fi^^*^^ jtn rtn ubbrlVlttted forir» in Annex III. 





. \ 


Exercises/ and 


Total 


Lectures 


laboratory 


120 


30 


\ 90 


90 


60 


X 30 


90 


60 


30 


90 


60 


30 


90 


60 


30 


1 90 


. 60 


30 


90 


60 


30 



63 



4* 9 Ti^ajning programme in the 
specialisation of communal 
hygiene engineering 

■ • . ■ ■ 

Tak^g into account the earlier listed subjecti^ 
taught in conimon, one may propose the training 
in this specialization as shown in Table 13, 
^nnex II. 

It is assulxted that completion of the. pro- 
gramme is possible within a five-year cycle of 
training, giving a total of 4, 000 training hours. 
Narrower speciaUzation may be achieved through 
seminars in the areas of subjects marked with 
astprisks in; Table 13. . Teaching profiles for 
particular sub ject s are giVe n in abbreviated form * 
in Annex IIL . , 



4. XO Teaching pergonnfel; equipment 

. i^ccomplishnient of the proposed programme$ of ^ 
training is possible only in schools disposing of 
a fetaff of highly qualified specialists i^ the vari- 
ous areas, as well as of adequate laboratory 
equipment. Each of the proposed groups of sub- 
jectsi and i!h some, cases even each particular 
subject, should be organized as a Chair, Depart- 
n^ent or Institute, depending on the system used 
ii^ the given school. ' 
; If one. assumes that each Chair or Department 
(Corresponds to at least one professor with a teahi, 
of over 10 collaboj'ators. this means that train- 
ing in any of the discussed specializations necessi- 
tates a personnei including at least 10 professors 
and about lOO additionfil scientific personnel. 

Since the majority of subjects must use la- 
boratory classes, the equipment of laboratories 
with up-to-date measuring instrumentation is an 
essential condition fqr carrying out the training. 
In all cases, stu/lents should have full opportunity 
to make use of computers. It is also obvious that 
libirarles cOntaining up-to-date books and periodi- , 
cals,- and a properly organized system of biblio- 
graphic references, are essential as part bf the 
school. 

In above assumptions, university level tech- 
nical education Is taken ^s a |>a sis for the training 
of environmental engine^s. Positive results 
may, however, be achieved through co-operation 
between such university level schools^and separate 
specialized research institutes. Such cp-oper^ipn 
may enable iribre rational utilization of starce 
instrumentat^n and equipment 

;;4. 11 New methods' and techniques " 
of t rainfng . 

~, . \ . ' . i ■ • 

J Since the in\portance of new methods and tech- 
^.^iques of training has been frequently discussed 
in the frame of Unesco and elsewhere, there is 
. no need to further. elaborate. Let us therefore 
only state that the essential £^im of tuition fs, be- 
sides, giving the student the range of abilities and 
knowledge' necessary for his future professional 
activities, the development of the capacity of in-, 
dependent thought. This ^im may bfe achieved - 
only by ^ consistently motivating the student to in- 
dfvidual effort and by developing in him attitudes 
that will facilitate the work of the teachers. The 
use of seminars andof team research and iabpra- 
tory work directed at fhe solution of specific 
problems is essential in this regard. 

Positive results in training are therefore 
p66sible only in cases where the respective Chairs 
or Departments carry out their own investigations 
relative to the needs of the given country or region, . 
and if the students tak;e a^ Sctive part in such 
research activities. ^ 

4. 12 Training facilities " ' 

^Independent of laboratory equipment, essential 
aids in training are manuals, sArpple calculations, 
' Ihstructional filmQ, algorittuns and computer 
prbgrammes. Such facilities will, be of particular 



importance to units iindertaking or developing 
training in environmental protection. '£)ssential ■ 
assistance is here to be expected of international 
CfrganizationSi and particularly of Unesco and / , 
WHO. \ 



4., J 3 Post« graduation couraes' ' ' 

Even a well organized teaching programing, 
based on the current state of science and employ- 
ing the most iip-to-date methods, of teac^hing,, 
still would not be' able, to cope with all the /needs . 
of the present-day world. There is always a gfip , 
between the education %iven by schools, and the 
actual situations in science, t^echnology and spoial / 
and economic structures, w^iich are in continual / 
evolution. Th0 need for permanent education is / 
thu 8 b ecbmi ng mo re ^hd m ore u r ge n t . It^s not 
/ necessary to sir&ss^'the contribution of ynesco 

/ in what concerns the creation of this concept arid 
its diffusion in the world. Po^t-graduatton courses 
obviously compose a part "of the permanent edur 
cation. One may distinguish the following kinds 
of post-graduation training: r :^ 

♦ (1) Post-graduation specialization courses for 
specializations related to enyironme'nfal engin- 
eering. Such courses should, in pi}^ciple, take . 
4-1. 5 years, and should enable, the"^ completion, 
in abridged form, of one oTthethre^ prbgrammes 
/ proposed for training in a full cycle. 

' (2) Post-gradiiation advanced qualification 

courses fpr environmental engineers. These 
should be short duration (several weeks) cg^rses 

; of training devoted* to cftosen probleips of en- 

\ virontnental protection. v 

(3) Post-graduation courseaof complementary . 
training for engineers of other specializationd, 

' suci^as tor mechanic al, '^^^^ electrical* 
ana :ivil engineers. These courses should Ije / 
b/ short duration (several weeks)'and devoted to 
y the latent achievements of engineering and tech- 
nology in environmental protection r^lativeto the 
occupational activities of the respective group of 
engineers. o ' - 

(4) Courses for teaching persbnnel, meant for 
the academic staff of university level schools, 
These should be short duration (several weeks) 
courses devoted to chosen problems relating to 
the latest wbrld-wide developments in the area 
of environmental pirotection. . * 

^ Training courses of the above types may be 
organized on a nationsil scale, but a particularly, 
* important r01e:is here to be played by interna- ^ 
tional organizations.. With, this background, it 
is possible- to formulate the following: 
Recommendation: The organization of differ- 
ent types of training courses in environmental 
protection should continue to be sponsored by 
international organizations, including Unesco. 



5s^ SPINAL REMARKS 

Tide rapidly growing threat to the environment 
^ constantly increases fhe demand for specialists/ 
the SCO pe of env i rb nm ental pr ote c tion and par- 
ticularly for engineers. Training bfenvironnaentat. 



engineers will the re fore be increasingly developed 
by the institutions already engaging in such train- 
ing; and will be undertaken in countries and insti- 
tutions where to date such training^hAs not been 
provided, 'rhe ass is tail ceo f Unesco is essential in 
this field, especially concerning recommendations 



on the organization of training progrVnime^. 

The proposed training programmes suggested 
in this papier are, of course, given a^ ^a basis for 
analysis and^dis cuss ion whfich will hopefully lead 
ipUhe formulation of recommendations that will 
be more explicit and able to be widely used. 
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ANNEX I 



Course No. 



„ 6 
7 
8 
9. 
10. 



:7: 



11, 

12. 
13. 
14. 
15. 
16. 

17. N 

18. V 
19. 
20. 
21. 
22, 
23. 



24. 
25.-^ 
26. 
27. 



/ 



CVRRENT TEACHING PROGRAMMES , 

° ■ ' / ' /. ■ *" ' . . 

Table 2 ■ Illustrative prjogj^amme in Sanitary engineering 

( Sao Pkulo University ) .~ 

. ' I Course title/ 

,# 

Fundamental compulsory courses 

"Sanitary management 
Sanitation 

Water supply and sewage systems 
Domestic and watste water treatr 
Sanitaity chemis<>ry 
Paraptolbgy 
Applied statistics ^ 
Applied microbiology 
Epidemiology 
Applied social sciences/ \ 

,1 



Optional pOurses 




ent 



/ 



Statistics and sampling ■ 

Demogr^iphical statistics 

M«^thematical statistics, 

fi'ood technology ^ , 

Industrial hygiene 

Heating and ventilation 

Aquatic biology 

Sanitation (s[)ecial pirpbl^ms) " ^ 

Land use maiiagement and sanitation 

Water supply and sewage systems ^ 
.Hydrology u ^ ' 

Sewage and pipelines 

Domestic and waste water treatment - 

Special problems -a / 
Design and planning of water treatment systems " 

Advanced course in public health management . 

Methodology of research in social sciences 

Sanitary education ^ 

Audio-visual pra^ctice (laboratory); 




Nui/iber of 
hours 



62 
70 
111 
19^ 
121 

103 
61 
36 

" 54. 



28 . 
1 45 
(several courses) 

28 

57 
\ 45 

5,5 

58 
'41 

40 

45 

19 , , 

•V 

29 
„ 16 

(seyejrai courses) 

. " ■ 44v 

/ 40 

. 28 , 



Talkie 3 ^ Illustrative two-year programrn.e (MSEe/ in water equality management 



7 



( University of North Carolina a^'jChapel Hill ) 



' Course No. 



/ 



Course title 



/ 1st year 

Fall semester 



Hours a week 



Lecture 



Seminar and 
laboratory 



3. 
4. 




9, 
10. 
11. 



12. 
13. 
14. 
15. 



16. 

17. ^ 

18. ' 
19. 
20. 



ProlA^}ility&and statistics 
WateiPhemistry 
System analysis in environmental plalnning 
Principles of water quality managei;r^nt 



Spring semester 



Watei* and \yastes treatment processes 
Water and waste? water treatment plant design 
Biology in env|rohmental s<tLences 
Sanitay*y engineering ^roblejjn i 

Sumpner se|y|ester 

I ' ■ ■ . 

Engineering" pr^oject design 

Sanitary engineering probljem ' ^ 

Special project in water quality planning 

■ 7 - 

, 2nd year * 
Fail semester 

Water supply slnd waste, w^ter disposal systems 
Limnology and waier pollimon 
Chemical reaction engineerin^g ^ 
Natural resources law an3 policy 

Sprirtg semester 

Epidemiology in environmental health 
Industrial water quality management 
Topics in advanced hydrcJlogy 
Special TOpics in aquatic cfiei(|^istry ^ 
Reading problem or ejLective 




3-^6 



^1' 



4 



■ S3 



Note: Each student must take at least two^ourses in the School of Piiblic Health outside.the Environ- f%^/f 
meqtai Science and Engineering Department. 



Hourgy^ week 





Course No. V ' Course title 



. / . 1st year, 

■■■^ ' V^^M^'^semester ^ . ■■ 

1. ^y^'^l^vn^nis of protiability and statistical inference. 

2. ' Air poliutibn measuring^ monitoring and survey 
. 3. Mechanics^of aerosols 

4, Air and. its contaminants ^ ^' • 

■ 'S-'.. Mfeteorplogy ,. . ■,: , ' ' 

^ spring semeister 

6. Problems' in air pollution 

7. ; Industrial hygiene practices 

8. Air pollution control 

9. . Air ^llution meteorology 

10, ^pidemiology iA environmental h^lth 

/ 2nd/7ear 

F>all semester /(stresses planning and administration) 

11, /Environmentai system analysis: determinist^^^ 
/ Industrial watier tiuality ipanagement 

. \^ Natural resources law and policy 



e^Ep 



Two of the following: 



.J 

18, 



Lecture 



Introduction to urbanisn;^ and planning 
Planning theory 
- Urbanism seminar ' 
Planning an'ci co-ordination ^ 
Municipal government in the trnited States of America 
State politics and pvblic policy 
Urba^ political systems . - '^ 
Hanning and government 
. Government and .politics in metropolitan areas 

Intergovernmental relations ' - o * 

2nd year - ^ 

Spring semester 

Elements "b~f sfafislical'analysrs 

Environmental systems analysis II: probabilistic models 

■■■■ 



Problems in air pollution 
Two of the following: 



Transportation and technologic systems 
Urban economics 

Regional science techniques - ^ 
Metropolitan analysis and development ^ 
Planning law ■ \ 
Land use systems 

Environmental planning ^ ^. 
Muhici{>al administration in the United States 
' Administrative theorjr » 
Public administ-ration ,and policyr*imaking 
Law and public policy, 
Le^al problems in public administration 



3 
1 
3 
3 
3 



3 
3 
3 
'3 
3 
3 

3 
3 



3 
3 

3 > 

3. 

3 

3 

3 

3 

3' 



Seminar a nd 
laboratoi 




Table .,5 - Exa^nple ot a one-year programme^ of^ study in environmental management 
, ; (MSPH) - - ^ 



Couxse No. 



Course title 



Hours a week 



Lecture 



Seminar and 
laboratory. 

4 



1. 

4. 
5. 



7. 
8. 
9. 

10. 



11. 
.12, 
13. 



Fall semest^er » » 

Principles of statistical inference 
vSystems analysis in environmental planning 
Public investment theory and techniques 
Public adminiatration^nd health 
Principles of water quality management 

Spring semester 

Planning and development of environmental 

hygielie programmes " * ^ 

Natural r^sdurces law E^nd policy 
Epidemiology in environmetntal health 
' Public administration and policy-making 
^Environmental planning . * ^ 

Summer session . 

*£Iiigineering project design ^ ' r 

Man and his environment^ ' . 

Problems i 



2 
3 
1 
*3 

3 

\ 



3 
6 



;eric . . 



(3 



Course No. 



3. 
4. 
5. 
6. 
7. 



Table its 7 Illustrative five-year programme in air pollution control 



( Politechnika Warszawska ) 
Course title 



.Human sciences 



Fundamental sciences 
Mathematics 

Probability and statistics 
System analysis ' 
Corbputer programming 
Physics 

Theoretical mechanics 
Chemistry 



J 



/ 



Hours total 



.832 



352 

144 
96 
96 

160 
80 

128 



Total: 



1, 056 



1. 

2. 
3. 
4. 
5. 
6. 



Engineering sciences 

Mechanics o»f fluids 
Thermodynamics 
Technical design 
Geodesy 
Electrotechnics and Bl^ctronics 
instrumentation and measurin 



Total: 



160 
80 

- 64 
64 
80 

160 

" 608 



1. 
r2. 

3. 
. 4. 

5. 

6. 

7. 

8, 

f2. 



St^cialization disciplines . • - 

Environmental chemistry 
Environ^mental- biology 
Principles of hydrology ^ 
Dynamics of thejroposphere 
^Meteorology ' . j . 

Industrial sources of environmental pollution \ 
Air pollution measuring, monitoring and survey 
Air pollution meteorology 
^ir pollution.control technology ■• ' 
XClemehts of environmental protection 
Urban and regional planning ^ 
.Specialization seminars^ 



Total: 

Grand total: 



X 



96 
80 
64 
128) 
160i 
124^ 
.192) 
192) 
144) 
160 
112 
1P2. 



1, 644 
4,140. 



ERJC 



no 

m 



71 



V 



Course No . 
1 



1. 
2. 

3/ 
4. 

•5': 
•6. 

7. 

8. 

9. 
10. 
11. 



Table 7 - Course programme 

Sanitary Engineering Centre, Rabat 
International Training in Sanitary Engineering. 



Course title 



Isf Group 



Complementary civil engineering and^hydrauUcs 

Sanitary microbiology 

Sapitalry chemistry 

Dome^itic water treatment 

Waste water purification ^ - 

Habitat and urbaniam 

Rural sanitation ^ . 

Air pollution and industrial hygiene 

Domestic wastes disposal and treatment 

Complementary urban hydraulics 

J>eminars * 



Lecture 



45 
45 
45 
30 
45 
30 
23 
23 
10 
15 



Hours 



Design 
4 



30 
45 



15 
5 

30 



Laboratory 

5 . 



38 
45 
18 
38 



12. 
13, 
14. 
15. 
'16. 
17. 
18. 
19. 

20. 



2nd Group' ' • 

General hygiene and'parasltology 

Statisti^:^ and epidemiology 

Paludism and zoonoses 

Tropical hygiene ' 

Food salubrity hygiene 

Sanitary education 

Public health administration 
Elements of nuclear hygiene and of radioaptive 
V waste disposal ' 

Visiting and conferences 

' Total: 



The following programme is based on the foUowiiig schemer 



i. 

2. 
3. 

4. 



30 
15 
23 
15 
23; 

9 
10 

15 



451 

(58%) 




38 

190 

(24%) 



139 
(18%) 



lectures. 



Two semesters per academi^ year. . 
Each semester of fifteen weeks. / , « 

Each academic year including a/total Of 780 hours, comprising 
work, seminars, visits and cojriferences. 
Each week^has 26 hours of effective activities, not including the.student's 

work. ; 

Theoretical courses amounting to 58% of the programme. 



practical 
individual 



ANNEX U 



4 



PROPOSED TEACHING PROGRAMMES 



Table 10 - Teaching programme in environmental rnanagemetit 



Course No . ^ " ' Subject 

H. 1 Hunian and social sciences 

S. F. 1 ^ MathjMnatics 

S. F. 2 Physics ' * 

S. F, 3 * Chemistry-^ 
S. F* 4 Bi6logy " 

Mechanics of fluids ^ 
Environmental chemist ryv ^ * 
Environm,ental biology. 
Principles of electrical enj^ineering 

and electronics ^ ^ 
The sojirces of environmental hazards 
i> Man and his environment 
Environmental le'giiilation and standards 

' ■ V ' ^ ■ ^ ■ ; 

Thermodynainlci^ 
Measuring methods 
Environmental Information systems 

Hydrology and water managenriipnt 
Water and wastewater treatnient 

Meteorology and atmospheric diffusion 
**~7rtr pollution control 
3 Solid waste treatment ^ 

Environmental planning 
Environmental system analysis 
Engineering drawing ^ 
S|>eciaU'i:atlon seminars 

* ' Grand total: 



ours 



G. 
C. 
C, 
C. 

C. 
.C. 
C. 

M 
M 
M 

H. 

H- 

M 
M 
H, 
M 
M 
M 
M 



1 

2 

3 
4 

5 
6 

7, 

. 1 
2 
3 

C. 1*^ 
C. 2 



4« 
5 

C. 
. 6 

7 
.8 

9 





* if 


PnvAT*niPiP nnd.- 


1 oiai 






800*1.000 


600-700 


200-300 




Ann. son 


200-300 * 


1 UU* 1 311 


An. on' 


40-60' 


100-150 


60-90 


. 40-60 


100-150 


60-90 


40-60 


120-150 


60-90 


60-90 


120-150 


60-90 


60-90 


f 9 a« 1 n 


60-90 


60- 90 


\ 

1 on- 1 Rfi 


^ an. on 


30-60 


1 z ii- 1 3 u 


\\M\M ' A U 


30-60 


on- 1 on 


1 nn- i QO 


30-40 


An- Qn 


An. on 




90-120 


60-90 


30-6O 




90-1^0 


60-90 


120-150 


60-90 


60-90 


150-180 


90-120 


60-90 


120-150 


90-120 


30-60 


150-180 


9^20 


60-90 


150-180 


90-120 


30-60 


90-120 


60-90 


30-60 


90-120 


60-90 


30-60 


150-180 


60-90 


60-120 


90-120 


30-60 


60-90 


200-250 


60-90 


140-190 


4, 000-5, 040* 


2,490-3,360 


1,440-2,30*0 



ERIC 



3^ 



72 



73 



Table 12 ^ Teaching prQgraipme in indua'trial hygiene engineering 

I [ours 



Course No « ihiubject 

H. 1 Human and social Hoiences 

S. F. 1. Mathematics 

^S. F.2 Physics 

S. F. 3 Chemistry 

Sv F. 4 Biology 



C*. 1 Mechanics of fluidH 

C. 2 Environmental ch<*mistry 

C. 3 Envljranmental biology 

C. 4 Principles of electrical t-nginooring iind rkH^ronics 

*'C. 5 The sources of environnu^ntal hazards 

C\ 6 Man and h^s envii bnitienl 

C. 7 Knvlronmental leglsl'itldn and wtaiulnrds 



T. C. 1 Drawing and deslj^n 

Engineering mechanics. 
1 5u i Idlng/te chndlo^y 

Automatic reguliUi.on (control engliK't'i lii^^) 
Sanitary InstallatiouH 
Management and organization 
l|ouslng and the I'osidt'ntial envlroni\ioni 



rotal 



• 800 



ah; tare 



600 





rhermodyhamlcs ■> 
floating, ventilation and conditioning 
Lighting . 
Noise evaluation and control 
Protection from r adiation 
Specialization stMninarK , . J 



Grand totn): 



120 

pi) 
DO 

-J)0 
!)0 
:I0 

l.^O 
V70 

♦ !)0 
00 
200 

4, 000 



4 



Exercise an<l 
l<^boratory ' 

200 

200 
40 
40 

. ^ 40 

30 
GO 

i;o 



'HI 


:h) 




30 


GO 




M) 


00 


i;o 


;u) 


fiH' 


.30 




30 


(io „ ^ 


30 


rio ^ / 


30 


(10 V 


Is-fr ■ 30 


00 


->G0 




l:io 


UiO ■ 


• 30 


GO 


30 


G<» 


30 


60^ 


140 



\ 



"2. 5 70 



1. 'KUI 
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ir able 13 - Teaching programme in communal hygiene engineering 

Hours 



Course No. 



H. i 

S. F. i 
S, F, 2 
S. F. 3 
^ S. f1 4 

C. 1 . 

C« 2 . 

C. 3 

C. 4 
, C. 5/ 
•C.6 

C/7 



T. C. 1 
C. 2 
T. C. 3 
r. C; 4 
T. C. 5 
T;G. 6 
T. C. 7 

H. C. 2*:^ 
ri. C. 3 i^ 
H. C.4 
H. C. 5 
H. C. 6 



\ 



SubjeVt 

Human and social sciences 

. \ " 

Mathematics \ . 

Physics 
Cljenustry 
Biology 

Mechanics, of fluids \ 
En'virohmental chemistry 
Environmental biology 
Principles of electrical engineering and electronics 
The sources of eriviromnental hazards 
Man ajpd-hls environment 
Environmental legislation and standardfis 

n A 

Drawing and design ' 
Engineering mechanics 

Building technology ' , ^ 

Automatic regulation (control engineering) 

Sanitary installations * 

Management and* organization 

Housing and the residential environment 

Hydrology and water management ^ - . 

Water and waste treatment processes 
Solid waste collection treatment and management 
Vector control 
Fqod sanitation and hygiene 
^Specialization seminary » - 

Grand total: 



Exercise and 



Total 


Lecture 


laboratory 


. 800 


600 


200 


600^ 


400 


200 


100 


60 


40 


100 


60 ' 


40 


100 


60 


40 


120 


^90 


-30 


190 


60 


60 


1^0 


60 


60 


120 


90 » 


30 


120 


90 


30 


90 


60 


■ 30 " 


, 60 


60 




120 


30 


• 90 


90 


60 


30 


90 


60 


30 


90 


60 


^30. 


90 


60 


30 


90 


60 


30 


90, 


60 


30 

. 


150 . 


90 ^ 


90' 


' 180 


90 


' 90 


180 


io 


90 


90 


60.. 


'30 


90 


60 ' 


30 


200 


^ 60 ' 


* 140 


4, 000 


2,530 


1,470 



V" 



7f 
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ANNEX III 



r SUMMARY OF SPECIFIC SUBJECTS TEACHING i^^ROllLii;S 



Remarks 




fine, In 



All suggestions presented here are 
principle, merely the scope of training. The 
elaboration of details requires consultation with 
specialists in particular fie lets'. 

* In the programme of training of environmental 
management engineers, and of environmental pro- 
tection technology engineers, mention is made of 
subjects having the same title aind covering the 
same scope of training. In the case of environ- 
mental management engineers, knowledge of Ahe 
problem should, in principle, cover tfie techno- 
logical and economical e'ffoct of particular sys- 
tems or installations. In the other case, 
fers tOithe ability of designing such ayster 



installations. \ 
1. Fundaments 


il sciences 


S. F. 1 - Mathen 


jlatics 







> Teaching of the whole material may con- 
duQted in^ne sequence, that id, divided ^into sep- 
arate elements, t'rovision §hoVld be made that 
mathematics be taught" for at least three ye|ars. 
The number of hoi^rs needed .to achieve the^^ com- 
plete programme of training 'incldding exercises 
may be estimated as equivalent to '^00- 700 hours. 

S. F. 2 - Phy^ s ' ■ I ■ ' 

Rigid body dynamics. Kinds, classe.s and pro- 
perties of physic^al fields. Motion in the field of 
forces. Dampedloscillation and forced vibration. 
Wave equation. Elements of room hcoustics. 
Infra and ultrasounds and their application to en*- 
gineering. liquaticmof the kinetic th/eory of gases. 
Entropy a^nd probability, Physical interpreta- 
tion oir4Jiermodyna|nic equations, / phase tran^- • 
itions.* P 



energy 



A. Fundamental mati\e mastics. 



Phenomena of rnass,^ motnentum yind 
transpprt in gases* Dii'fufeion, osmosis. 



surface tension and viscosity of fluids. Quantum 



and num- 
ential cal^ 



Electrostatic field and its properties. 
" fconductivity in fluids and gases. 



bers., Metric and Vector space 
cuius of single variable function^ 
sis. Simple integrals. Oeome 
application of (ie finite integrals.' 
ential equations. Matrices, lin* 
tems. Analytical geometry of s 
variable functions, liinary and 
Curvilinear and superficial integj^als. l^lements 
of vector analysis. Function sequence s.,an}i series 
C€)mplex variable functions . lOlenients oft 
B. Statistical methods ancv calculus 
ability . 

events. Priobability of randon/ events. .ERitr^py 



Dif 

b^unrction analy- 
ica/and physical 
mple differ- 
\'i\t equation sys- 
ds. Multiple 
rnary integrals. 



theorie 

Electrical conquctivity in iiuicls and gas 
'Magnetic field,' Electromagnetic waves, Tlier- 
mal /radiatilbh. Radiatiotr quanta. >-^lad^ation 
quar>tum energy, mass and m^nientum, U^^uan- 
tum^ model atom. Nuclear, energy. Reaqiionsof 
ato,mic nucleus fission and analysis. 




S. 3 V CtCneral chemistry^ > 



Kandom events. Conditional 
Prjobability of random events, 
of event sets. Measures of Information, 
ents of Marcov processes./ Random vari 




Eljb- 



stribution of random vai 
m samples. Evaluation 
sample. Estimation 
r.s. ' Hypothesis testin 
ry of prediction. 

Optimization m e/tiods. 



Die functions; 
probability by 
distribution' 
Regression ai 



imming' models, 
if pijogramming^ 




vinear, 
StochiRitic 



Miither 
non-linei 



ftical ^ 
X and 



fundamental ternri^s, \[xK^s and chen^icxl re- 
actions, \ The inorganic coVnpounds of/the chem- 
ical ^lemWts frbm th^ "s/ p. d, f, " biyfcks. The 
structure and properties 6f these chemical ele-" 
ments. The inorganic compounds important in 
con^iderartiort of the* envlrjonment and human 
health p/otection. The fundamental methods of 
the qualitatlvV and ciuantijative anMyticall chem- 
istry. /The classificationl of properties aJnd or- 
fcom pounds reactions. The/organii c6m- ' 
is important in considering tihe protection 
■ health. Tlic 

5f the organic 



programming 



'atnming and ni/nrierical 



itfod and numerical /methods 
ncP and engiiieorih^ 
icitl cpn^puti'rs. 

ig. l'C)in'RV\ IV and )\ LGOL. 
Approximate nurher cal in- 
( I if fo renti; > t ipn. nt e rpo - 



napplicati 
ienta ^bloc 
nt)(ic^xas •f p 
vVWii-Tical 
;f ai:4f.ion.. N 
t.utlbnW and a 
Mettiows of a' 
' < I ua tiwi s . A ppro xi 
iitial Ajujitio^^^ • 

TIkV notion of "ohgriHiMwin^ r 
dirfentnlv w.'i.y.s. 1 



\ ■ 



•rsto^od 

ip'>JtU.*>l .s/:opt' of te;i<51\in;L> slun 



tions. Matrvlx algfebrai^ 
I I,ini;nr lUidAion-linc a^ 
Uiv<» rcsoh/tio!! of ffeir- 

. tlu'inati/j:- 
V /\ h-oie j/»f the 
<l/ 0ii're,^ore, 



environment auid tha humar 
funilamental ciualitative an^ilysis 
compounds. 

S Jj^'. 4 - (General biology 



lis sential 'knowledge of taxoncwuy morphology, 
[jhysiology, parasitology, ecology of plants and 
/^animal ecolbgy. Elementary Imoiv ledge of the 
hutiian ecology a nil ecological tiys terns actjon. 



j*'<'t tO f/f'tail€?(i di 
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t spc^iallstiSy 



Commpn subjects of teach: ng in ^11 ' 
specializations of environm ental 
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e ngi nte e ring ( C)~ 
1 ~ . J Viocfianics 6i fluids 

MU i ( 1 s i n II 1 otlo.nV,, Ty pe s o f tlo \v . 



IfydiWuiti CS. J' xuiiio lit it\\j\,L*J,iL^,^ I, y pv; r> wi 11^ 

Applipitions of iiernouilli eciuatioh, luminal 



I 



iuul tin'buK'iVt flow 
in j>i[)i\s. OfifitH'. 
trii'ugJil puiTip 



Vib cosily Ol a fluid. I 'low " 
Mothocis of flow tTUMisiu'eiiienl. 



C. 2 - LP n V i ro n inii n ta 1 clt e n i i b t u\ 

Chosen ehcqiu al pi-oceswe^. in iiaUirai and poliultMl 
iMU'ironnient. niysical ;tu(l cliQ^iucul oxamlnations 

•of w n te r . w a s ii\ w a te i- , s c 1 1 i ni c lU s 'a lul s o il i 1 1 s an i - 
taj-y learning. Methods oi uistru mental qualita- 
tive and qiiantitativo nnalysis and their applioa- 
tion in continuous or automatized elie eking of air, 
wattu* and soil pollution; of)tical motliods, mass 
spectrometry, electronlieiiucal metliods, iso- 
topic njcthods and teelmit)ues^ chromatographic 
methods. Application of chenxical methods and 
techniques in tlK» environment protection and puri- 
I'ieation processes, 

C . 3 - I'Jnvironrnentnl biology ' 

Sources ^nd ways of spr-eading infectious diseases, 
and envtiroiinifcnt ({uality c:rlteria ri-ojn the sani- 
tary point of view . Autopurification processes 
of water, air and soil,, and their utilisation in en- 
vironmental protection. Utilization of microbi- 
ological processes in waste uittcM', sediments and 
solid waste neutralization. lUological metliods to 
estimate the impendence and the effectiveness of 
means Ln processes o f environmental protection. 

Principles of oleetrica.l and 
electronic engineering s ^ 

Units., Electric fielti. Magnetic field. ^Electro- 
magnetism. l':iectroJysis. [nduction. Trans- 
formers. Electronics. Ilotating machines. 
Methods of measurement, 

C. 5 - Sources oi' eiivlronmental hazards ^ 

Industry, transpoi-t. housing, agriculture as 
^ sources of residues and wastes (solids, Licjuids, 
, gases) and physical factors (heat, vibrations, 
radiations, etc.). . Relative emission values. 

C. 6^ " Man and his cnvirunn^ent 

Envirx)nmental hazards - biological, cliemical, 
. physical, psycl^ological. sociological. The effects 
on human beings, on animals and vegetation, on 
materials. fMements of human ecology. 

C . 7 - Environmental legislati'on 
and standards 

Quality criteria and. standards - air, water^ food. 
Standards of vibrations, noise, radiation. En- 
"r"^ vironmental legislation. 

3. Convmbn sUbJec>ts for the 

specialization of environmental . 
protection technology engineers (T.C.) 



T. C. 1 - Drawing and design 

'Knowledge of technical drawing sufficient to en- 
Able the execution of installations ' tlesigns . 



1.\ C, 2 ' Engineeri,i]j4^ nuM.'Hanics 

Analysis of stresses and deft)rmations . Mc anis. 

Hoard, Dynamic and thermal effects, batigtie. 

^Soil mechanics. StatisUcii] methods. 
♦ 

T. d. 3 - ikiilding technology 

Building materials. Prefabricated elements. 
Functionality principles of building - housing, 
administrative, industrial, etc. Stal>iLity, dur- 
ability and maintenance. ENCcution bl ti-aditional 
building. Systenis of industj-iai building. Tiier- 
mal anci sound insulation. 

. T. C. 4 - Automatic regulation 
(.control engineering ) 

The controlled system antl stability criteria. 
Process charactei'istics. Controller clraracter- 
istics. Control elements. Pneumatic "control. 
Electrical control. lOlecti-onic. control. Miscel- 
lantious topics. System design. 

T. C, 5 - Sanitary installations 

Calculation and technology of pipes, ^^hannels, 
reservoirs. Building materials.' Water distri- 
bution insitf^ buildings. Co'cks. Waste water 
disposal. Sewage. Ventilation. Drain traps. 
' Lavatory appliances. Kitchen, bathroom , Other 
installations. j 

T, C. 6 " Management a^d organization 

^'irms operating on both large and small iScale. 
Source of finance. Mnance control. I'ricc 
policy. Costing- and estimating of the indusj^ry. 
.Production control. Kesearch and development, 
fiuman relations In industry. "Management 
principles. : . - 

'{]. C. 7 - Housing and the residential 
e'nvirbnn^eht y 

Health aspects of housing.. Planning, zoning and 
development control. Building regulations. 
Bousing design standards. Appraisal of housing 
and of its e-nvironnicnt. International housii^^ 
conditions and programmes. 
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4. Programme of training in the 

specialization of environmental , 
management enginey^'^ng (M) 

M. 1 - rhermodynamics* * * ^ " ' 

Thermoclynamic analysis in; applications to air 
and water protection, including: thernuHlynawics 
of gas mixtures; combustion; enci'gy, beat and ~ 
mass transfer systems. 



M. 2 " Measuring nuHhods 



ensuring ol 



Instrumentation and tecliniY^ue^.for me; 
air, water and soil .pollutioiu^ Measuri-niont ofo 
m e't e oV o 1 o g i c a 1 a n d h y < 1 r o logical d^ v t a . C a I i b r^- 
tion 'methods. . . 



. \ 



V 



M. 3 - Environrnental. Infornnation systems ^ 

Source inventory methods. Collection of data. 
Air and^vater quality monitoring. Monitoring 
systemBi* Selection of instrumentation and 
methods. 'Number and location of sampling sites. 
SamjAhii frequency anS duration. Interpretation 
of dats^i Computation and data processing. 
'• .* ■ 

M. 4 - Meteorology antl dispersiqn of 
pollutants in'*' the atnnosphere 

Theory of diffusion of air pollutant^. Models: 
theoretical, empirical and analogue. Application 
to practical problems and computation. Single 
and multiple sources. Modelling of diffusion. 
Stack design trom the meteorological point of 
view. Pollutants transformation. 



M. 5 - Air pollution control 




revention at the Source - energy saving, ex- 
ch^ge of technology. Dust removal techniques. 
PuHfication techniques - nitrogen oxides, sulphur 
dioxides jand other gas pollutants. 'Technological 
and economical effect of respective systems or 
installations. 

M. 6 - Environmental planning 

Problems and issues in urban and regional plan- 
ning. Resources and industrial growth potentials 
in new areas. Population forecast and study of 
causes and effects of pojSulatlon ttiigr^tion^to 
megalopolitan areas. New cities and their needs - 
economip, social, cultural, ir^ustrial, commer- 
cial, transportation, etjq. Land u6d planning. 
Recreati6n needs and their r61^ in planning. . 
Pollution problem in urban and regional planning. 



II. i. 2 - Heating, ventilation and f 
conditioning 

^ A. Heating . Calctilating of the total heat 
loss for the building. lieat generation systems. 
Heatirig systems - hot water, steam, 'air., • 
Individual apartment and urban heating. Ther- 
mal boiler' stations. Control and maintenance.. 
Calculation and design of installations. Meas- 
uring methods. ' * 

'B. Ventilating . Natural and artificial 
ventilating. Exhaust. Fans. Ventilating 
systems - residences, publip buildings and 
facilities, industrial, etc. Automatic contpol 
and maintenance. Calculations and design of 
veritilating systems. Measurement and instru- 
ments. ' 

C. Air control . Theory and practice of 
dust precipitators and air filters. Automatic 
control and maintenance. Calculations and 
design of air control systems. Measurement 
and instruments. ^ . 

D. _ Air-conditioning . . Process and pro- 
duct of air-conditioning. Engineered refriger- 
ation systems. Automatic, control and main- 
tenance. Calculating and design of air- 
conditioning systems. Measurement. 

H. I. 3 - Light'ing "^^^^^-^ , . ; 

Language of light. Light s^^es. Lighting 
units. Lighting requirementi^\nd design - 
residences, office; hospital, industry.^ Light 
measurement. • ^ 



Tl. I. 4 - Noise evaluation and control 



/M. 7 - System analysis 

Concepts of system analysis. 'Modelling of en- 
vironmental and urban sygtems. Model construc- 
' tion and analysis in an uncertain environment. 



The physics of sound. Noise measurement; 
Noise cbntrol - by Insulation, by vibration 
damping. Barriers ^nd partial enclosures 
^for noise cdntrol. Noise control systems - 
residences, public buildings, industrial, etc. 



M. 8 - Drawing and technical design 

Knowledge of technical design sufficient to enable 
reading of maps^nd of installatiar^ design draw- 
gs. Ability to draw installations anagrams. 




P^c^gramme of training in the 
specialization of industrial ; \ 

hyg iene engi neering (II. 1. ) 

Tl. \. 1 - Thermodypami.es » 

^^^Tbermodytiamic analysis of enginelt^^ng systems, 
incltiding thermbdynamics of gas mixtur^, 
physical chemistry of combustion, and thet'mo- 
dyn.amic t)ook-keeping for mass, energy and ^ 
entropy. Apf^lications to combustion, power 
. cycles j refrigerator cycles; etc. Heat trans- 
mission - conduction, r-adiation, convection. 
(iaicunH.ion and flesign of heal cjnd mass transfer 
j^ystOfMH. Measurijment. * • 



11. I. 5 - Protection from radiation / vi 

' — 

^Use and sources of ionizing radiation.^Kffects 
df radiation. Radiation measurements /^Pro- 
tection from radiation. ^ 

6. Programme of trailing in'the 

specialization pi^communal s , 
hygiene engineering (11/C. ) 
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!I. C. Ir- nydrblogy and watpr ' 
manage meat 



s and^water reso^o^^.es 
Status and .trends for the^ future. ^ WatQr 



Groundwater occurrence Jmd exploration 
Estimation of water ne 
sludy. 

resources planning^ conservation, develop- 
ment and management* Application of systems 
analysis. 



C, 2 ■ Water and waste treatment 
processes * _^ > 

' — :^ # ■ 

Drinking water" treatment processes - sedimenta- 
tion, filtration, disinfection, demineralization, • 
chemical Improvement, Water for industrial use 
characteristics, treatment. Water supply, waste 
water collection systems. Treatment processes - 
preliminary^ primary, secondary, tertiary disin- 
fection. Sludge treatment. Industrial waste 
treatment processes. Combined industrial and ^ 
domestic wasle treatment. Economic:^ of waste 
treatment systems, 

H. C, 3 - SoHd waste collection, 
treatment and management. 



activity, site selection and land use. Composting, 
Incineration, Hydropulping, Industrial solid 
waste treatment processes. Economics of solid 
waste systems, i 

H,.C, 4 *- Vector control ' 

MosquitoeSi flies, cockrdiaches, spiders, ticks, 
bedbugs, rodents - technical means of prevention, 

H, C. 5 - Food sanitation and hygiene 

Hygienic trfitnspor-t, storage and distribution of*^* 
food and beverages. Control of cohtamination^y 
chemical and biological agents. 



Collection systems. Sanitary landfill, disposal 
process, equipment and operation, biological 



KNCINICI'MIINC; KOnnCATION AND 1^1110 I'^N VI HONM I':N T ^ 
by .lamos M. Ham' ' ' ' 



INTH(>I)M|rnC)N ' 

This pajK'r gives tho nutlior 's views of liow the 
shapcr of onijjUeering and tcclmical education as a 
whole' ^should respond to concorn for tlie environ- 
ment/\ft does nol address the probLeins of the 
education of specialists in environmental studies 
and manai:»:env?nt (suci^ as the traditional sanitary 
.engineer or the environmental health engineer (1), 
The approach is* from technology to the environ- 
ment rather tttan the c onverse. 

Although Intense public concern about the 
impact of human activity on the environment has 
aris'en only during the past two decades, the pro- 
cesses which are at tlie roots are historic, and it 
is impOvrtant to set an hiS'torical perspectjve for 
this paper. (''•■'•) This is especially important to 
Virtftlerstandin^^rthat <Jiversity of vieWs whicli will 
be taken by countrie"^ in different states Of tech- 
nological development (2-G). pne's atti tude to 
the envi rdn mew t' depends in particular on one's 
, perception of " frontiei^s". Frontiers are regions 
available foi* activity that have imclearly per- 
ceivecl limits. For^mjost of us the very air^ the ' 
watQr of Lakes and rivers and the soil under our 
feet have fuiicfioned and continue tp function as 
frontit-rs. ' To the economist air and water have 
Ixjen "free goods". tUit apart from conceiptua>lf 
frontiers, major local frontiers exist for many 
countries. Tor example, the Amazon l^asin for' 
firazil, thf Arctic fQr Canada, the virgin lands 
oi'Siberta ;or the IKSSH.. 

Now, liowevej', for the fir-st^Ume tiie space 
exploratiDti (>rogr-cnn mf's uTthe USSlland the U.S.A. , 
together with modern comnrum'i.cations systems , 
have revealed tl)e eartli to' ttie puljLic conscious- 
ness as a closed finite system, a global spaceship. 

'^n^GLhnology and man 



Whereas^,^rience has tii»«*iingle' undergirding 
purpose ofN^Us cover ing what is ti^eneral in wliat 
-is pat^ticulaiv^engineer ing has tl\e purpose of 
parti culn ri/ ing out>.of what is generally possible - 
to build cities, roads, ?lhips, power stations, 
chemical plants - to mine, to forest^ to fish, to 
f5rm. T\\e purposes expressed in the technology, 
which is tfie progeny of engineers,\ arcfiitects/ 
artisans and artists are diverse - complex of 
personal, corporate, sooial, tiational and Intet*- 
national pei'ceived nei»<Is and aspirations. Tech- 
nological artefacts and systems tiitireof created 
by the purf>osefi,il activity of Wum through the 
.sliaplrjrg of materials, tfie control -of forces and 
the structuring of information a re. all interven- 
tions in the natural order in UVe sense that they 
are plariricfl, designed., const t uotcd, operated, 
administered where nbne were there 'f)'cfofe, ^ The 
natural ecosystem including rnnn as a species 
develops h\ tlif interaction of lel(}onomically'y _ 
generated elements f plants, animals, insects, \ 
birds). I himan*aetivity as (»xpr('ssed in technology 



industry and institutions i,S an expression of 
the teleology of man. The sciences function ^ 
to estabiisl\ some of the limits of possibility 
foi' technology but tficy do nctt determine spec- 
ITTc 'c>utcomes. Specific outcomes are the 
I'esult pf liumaj> intent. Polanyi .( 7) lias ex- ^ 
plained tliat tlie essential difference between 
science and engineering is in attitude to im- - 
posed i^oundaries. ' Tlius when a chemist con- 
■ tains an aequeous solution within the boundaries 
of a test tube his interest is in the solution not 
in the test tube. On tfie other hand when an 
engineer devises an operational steam en gin o 
out of siiaped elemt^nts sucli as pistons, valves, 
levers and, gears. Iris interest is in the func- 
tional performance achie^>ed byj imposing 
boundary conditions and cotistraints. - 
" . Technological intervention In the environ- 
ment must be seen iti its tliree complementary 
aspects: . . 

(i) ' of protecting man from the threats of 
the environment - pestilence, starvation, ^storm 
cold 

(ii) of conti ibuting to tiie developmenf. of - 
man himself 

V (iii) of protecting the environment fi*om 

ill coticeived intervention. ' 

' The first two aspects are nssociated witli 
the^historlc processes of teclmological develop- 
ment, 'riie last relfit^*>!^ to tlie impact'of . i 
industrializing mafr oh tl>e biosphere. . in 
Rornan civilization, for exatinple, the deforesta- 
tion oflhe Mediterranean basin changed tlie 

' mac rocli mate of the region wliiiei the use of; 
4ehd' in food utrensils had dysgenic^^ffects on„ > 

, the Roman leadet^ship («). Neither\effect was 
recognized at tlie time, hi a complementary 
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The author is Chairman of tlie Committee on 
IjJngineering fi'ducatlon and Training of the 
World Federation of ICngine^erii^g Organiza- 
tions, Professor of lOlectrical hJngi nee ring 
and formerly Dean in the Faculty of Applied 
Science and Engineering at tfie University of 
Toronto. Me is a member of the National 
Research Council of Canada. Currently fie 
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way,\ ttie introduction of the-dx^ drawn iron plough 
in th^ Middle Ages^id much ^ alter European 
man's attitude to the earth from that which is the 

xrtFigin^pf necessary sustenance to that which- is a. 

•resourcelo be explt)ited (9). Yet at all times 
technological intervention has been part of the 
iippetus to s\:^ryiye in a fa;r from' benign tot2Ll 
environment which is increasingly dominated by 
^the artefacts-,of man, and in particular his 
cities. ■ • — ..^^'^ \ . 

Since human intent has-diverse expression in 
the cultural and political history of many nations, 
it is reasonable to expect there to be diversity in 
the processes of reconciling technological crea- 
tivity with the inherent consequences of inti^r- 
vention in the hatural ecosystem. One lAay con- 
clude from these brief remarks that it is encum- 

' bent upon the engineering schoofs of each of our 
countries to teach with clarity an appreciation of 
how the processes of technologicsil change are 

' perceived and motivated as regards social, 
economic and erivironrtiental development. Our 
engineering e^i^cation has been too iixsensitive to 
the historical robts of the relationships between 
technology and man (10, H). The rtew iconcern 
for the environment can be%i stimulus to 
strengthen studies of the socisil sciences and 
humanities that are integrally and not peripTh- 
erally related to the rWes of engineers and of 
other technical cadresr. The problem we face is 
not simply of scientific knowledge and manage- 
ment expertise but of attitudes, and intent.. 

Which erivir^nment ? ' , \, 

Frotn the point of view of engineering there are 
' many foci of environmental concern. The follow- 
ing are exani pies: ^* * 

The immediate envelope of air and moisture 
surrounding a person in a building (12). 
The city^as a pliace to live (4, 13). 
The need of a city for wat<pr and waste dis^ 
Vposal(14). '"^ _ 

The environrrfent of vibration ,^^„<iust and wind 
/associated/ with a machine or building (15). 

The interaction of an industry such as steel 
with its environment of air, water, soil and 
people (16, 17). ' V 

From such typical examples chosen with an 
engineering perspective one mdy reach out to 
regional priql^ems gf human well- being associated 
with solid wastes (18) and indeed ^o a global 
framework (l,9-,)22). In rece^'nt years it has been 
mainly other than engineers who have had a broad 
perspective and this ia a point that requires 
understanding and redress^ ih'^fe education of all 
engineers and similar professionals. 

Although it is a distinctive attribute of a good 
professionai engineer to understand the context 
of his own; work, tor example, for a designei*' of ■ 
^teain, turbines to understand the relation of the 
\waste proditjicts of fuel combustion and of waste 
thermodynamic heat to the processes of energpr 
cohyersion in a power station, such technological 
awaren^s^ is not universal and a concomitant 
sensitivity to questions 'of environmental impact 
is less so, ' Hidtbrically, speci^ization of r61^ 



and of supporting labour are largely to blame. 
While division of labour has, as part of Uie 
economics of scale, contributed greatly to the 
efficiency of technological methods for produc- 
ing and replicating machines and their products, 
it has also contributed to social as well as fn- 
vironmental disfurbance. In , this regard it is <i 
well not to have Utopian expectations of engineers 
as environmentalists per se; However, there V ^ 
is a distinctive b^isis for an important contribu- 
tion. 

The limitations and potentialities ■ ■ ■ ^. 
of engineering 

In designing to realize a given operational^ 
principle in a machine or process, the engineer 
particularizes out of what is generally pos$ible 
and in the effort to achieve an effective. and 
economical design must concentrate on the 
purpose at han^d. It is intrinsic that the develop- 
ment of anengineering design cannot encompass . 
all of the consequences of the creation of the 
te^jhnplogy either in terms of its use for intended 
purposes or in terms of its unintended uses. , 
This shortcoming may be termed the frailty" of 
design . ' 

. In this donnexion it is useful to nbte that 
modem technology unlike ancient technology is 
self indicting. Whereas lead poisoning (8) was 
dysgenic in late Roman civilization because the 
knowledge arid instruments were not available 
to trace the effects, modem technology prpvid 
the precise instrumentation necessary to to}loyf 
,trace- elements such as mercury throu^h/^e 
pathways of our ecosystemsV' ITji^"^^^ 
rdle of science to reveal the s^ecbndary effects 
of technology by seeking to understand "nature" 
Vas modified by the technological interventions 
' of man. The rdle of science is thus extended 
from"establishing the limits of possibilities for 
engineering design to developing awareness s of 
the consequences that result from action.^ Since 
iriodern technology provides to science the 
precise instruments required to trace its 
effects, it has become self- indicting. 

All technology will hay6 effects unexpected 
by its designers and us erg both in the short 
and the long term. Lead utensils poisoned 
Romans. Waterwheels, windmills, ploughs, 
steam enginjes,, dynamos, automobiles, refin- [ 
eries not only have met immediate purposes but 
have, contributed, in time through numbers, to ^ 
traireforination of nations - industrially^ socially 
and environmentally. . ■ ^ . • 

All engineering education should, therefore, 
contain some study of the historical evolution of ' 
technology and particularly of the effects of , 
populations ^fof machines. While the purpipsea 
expressed'in the design of a machine or process 
may appear to an engineer to be his own, v^hen . 
'machines aLnd prodbcts thereof are replic^^d r 
[ (manufactured .and distributed) the pum^ 
\ieing served are those of commercifid/cd^^ipora- 
tions," the state and society. ^ " X: 

Envii*onmental studies for engineers should, 
therefore/ be directed not simply at developing 




sensitivity to the sefcondiary en^lSronniental conse- 
quences technological i intervention, but partic- 
ulax^ly at the hlstoii'ical experience of creating 
teohilolbgy aa a purposeful part of the venture of 
xnaii hini self on the face of the earth. Through 
sucjh a vi6w engineering education can bring to 
the environmental issue a unique perspedtlve 
that it .ha» jret faUed to articulate ( 11). The prpb- 
leixna we J^c^J^r© as much those of understanding 
th^jpa?Mrff^s o^eveloppnent and the embedded 
relatlbtp of niachines to men as they ai^e of under- 
BtanA^g the consequences of technological inter- 
vemmn in the ecosystem. > In this perspective 
th^e is a need to involve all students and staff 

A>ur Engineering schools. Engineering schools 
'^•4ustbe c6nc€irrtedtohave a balanced appreciation 
^abdut bjpth, development and\the environment. 
Within sucha perspective there should be no want 
of studeJnV^otivatlon in any of our countries. 

education and the 
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sic features in the structure of engin- 
ication as a whole which deter the working 
out of a new sensitivity to the environment and 
these are the same features which have deterredv 
a sensitivity to the historical r61e of technology „ 
in natlQiial development. Good engineering 
education with its distinctive profile of the 
sciences (mathematics » physics, chemistry, 
biology); the englneerijig sciences (thermodynamics, 
mechanicSf^vrate processes, information systems, 
etp. ), design a*pplicatlons and an infusion of 
social sciences (especially economics) and the 
humanities has been and will remain a demanding , 
exercise in which it is essential to retain a basic 
profile with a bard core. The mere injection into ' 
the status quo of optional or required subjects 
specifically oriented towards environmentalj prob- 
lems is not satisfactory. The basic strategic 
problem i$ to dev^op an environmental awareness 
in the whole school, an awareness which can well 
take the regional context of the sciiool itself" as a 
focus. The director of the Knvironmental S,tudies 
Programme at the University of T-pronto", Dr. F. K. 
liar e, an eminent geograph* ! , recently had 
this to say; 

... I bi»lieve that the way to alter curricula is 
to^^o it from within, by civilizing tfie teacher, ,, ,j 
Most courses gain immensely if Mie teacher „ 
stands back" a little and spends aV few minutes ' 
sptciilating aloud about the significance of what 
l-io Ik proposing, , . It would possible in this and 

' ev^ei-y 'other unk'erfSity (o gis ** nii outstanding 
/ch'^ree <:ojL]rse in the eiivifoiuiMihrvvithout changing 

/a worfl In tiie calendar, , , AH I asik of engineers 

/ is all ( ;»sk of rnyself: to |nj4Ml into their subjects 
till' niaxlmiinri tlep^rei* of atl«nn«)t) to environmental 
op'Jon.s that tlie harcl eore pi Wtriit.s. This means 
an t* X t r< • i r\ v 1 y i n t en^ i v v r - » ■ < 1 1 1 r • ; j I i o t » , o f on e s el f , a 
vvillln/'rufSH t6 1islt»\.>o Mm- i t'onmental debate 
vMth an ^c iiU:, eritit-af ltu» < f'(>Uve ear. . , 

Wliatever th«* nrieKits of ttM*s«; rt^tTiarkw at ^the 
level oF eurriciilar iiMt. tl>iy l epresenl 

* iu m,y V»<'w aii ^'ssenUal hHo»<' 'i< l>'>hU. I would'. 

. f *?10iiyi , HiiR strategic base ini jiide a 



complementary awareness of the history of 
technology sis relates to the process of ^ 
development. Technology represents pufposie- 
ful Intervention in the complementary spheres 
of the ecosfystem and of the society of men. It 
Is the combination that represents the envlron- 
niental problemaltlque. To the developmental . 
part of the problematique engineering schools , 
thennselves have a singular contribution to 
make. • ' . 

, It is in my view essentisd therefore that 
Urtesco and UNEP continue to work together on 
these issu<^s« . ..5 ' 

i'actics of awareness i 

Everyone agrees that, intellectually, environ- 
mental problems ane nrtultidlscipljnary and 
interdisciplinary, and that, socially^ they are 
intersectoral Involving communities, Indus- 
, tries and governments.' A number of practical 
programmes naay be undertaken to develop - 
broad awai^eness within educational institutions. 
One that I consider important is that df con- ; 
ducting a STudy with the aim of obtaining 
A region^ appreciation of development and 
the enviyonnrient ! The appreciation should not 
attempt ijto be prescrij^ive nor condemnatory 
but rather should seekvto generate a perspective ;•: 
on the interaction between technological 
development and the environment. V^thin 
perceived national needs ai;id priorities. The 
UNEP gold Unesco might combine to direct the 
pi;;eparation of a number of guideline documents 
to facilitate the preparation of such apprecia- 
tions. What is proposed here is^some^ing 
broader than specialized studies on water 
resources, sanitation, etc., but not a full- / 
Hedged development plan. 

By whom such an appreciation is prepared 
depends on its purpose. The major purpose 
should «)be td develop in the associated unlver- 
aity(s) or technical institution(sj an awareness 
of the environmehtal and deyeloppnental context 
of^their educational mission.' ^^uch a study can 
provide a nucleus of local understanding 
undlstprted by the weight of world literature 
which at present ^s doniinanUy concerned ^ 
with problenns of acute ^ndustziialization.: 
Since it is the responsibility-of governments 
and not universities to plan, the study is mo Ht 
likely to be done by university staff and 
students who call upon industry and govern- 
ment for assistance. Engineering staff should 
expect to co-operate with chemists, physicists, 
geographeis, sociologists, economists, his- 
torians. The study is a form of local initiative 
which must havfe govertinr)ent support and may", 
provide the basisVfor a.distihctive United 
Nations (irogramme. - " v. 

A crucial issue in execution is co-operatit^n 
at the s^f'ctoral interfaces. Much ha.^ beert 
written about the university- industry dnterjfac*- ' 
for engiiieering schools (23). Now environ- 
mental if-;sw**s by their nature call for the 
d i ff II s i o n o f , un die r s tn n <J i n )i ho tl i -f r o m anil i 1 1 1 o 
o ur e (lu c u t i oh ai i ns t i t u t i on s . \V i t ho u t sue ii 



mutual diffusion there can be no long-term intel- 
ligent eonc fern for development and the environ- 
iment, AH the mechanisms of intersectdral 
exchange - co-operative education, staff exchange, 
^ graduate internships, co-operative studies and^ 
regearcTi » are essential to the generation of 
aware;iess which, as Dr. Hare ha^ commented, 
;is a desirable precursor to the formal manipula- 
Wn of curricular content. The de^elopmeatof 
awareriess can be tackled within the . scope -of any. 
institution and set of resources. ^ ' , 

The orientation of general instruction 

nojw .postulate that the process of generating an 
augmented level of awareness among ^taff within 
an engineering school is^Mnderway and that the 
practical issue of instructional processe's ia to 
be faced! Again I wpUld note that questions of theedu 
cation of environmental specialists are not issue- 

A recent**major multidisciplinary study of 
critical environmental problems on a global 
scale has "the following observation (24) £9 make 
on the issue of professional education as a :.> 
whole: ^ " 

... A sensitivity to the relations between the 
processes of production, distribution and cen- 

• sumption on the one hand, and th^ processes of 
pollution on the other and a disposition to explore 
all the potentialities of technology ahd, organization 
in the search for an optimal balance should be. 
incorporated in their training. This applies to 
economists, lawyers and social scientists as 
well as to scientists and engineers, . . 

The overall scope of this observation can be 
endorsed but for purposes of engineering schools 
I would place a stronger human iemphasis on t^h- 
nology;and man as explained in the previous 
sections of thijs paper. As George Bauer suggested 
in De Re Metallica over 400 years ago, production, 
distribution, and consumption are instrumental 
processes for human development not ends in 

♦ themselves. « 
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All students of engineering should have some 
appreciation of two basic developmental questions 
which are related to the structure of technology 
and have answers conditioned by socio-cultural 
history. In terms of technological development 
the questions are: where are we? ♦and how did 
we come to be where we are? Interpretation of 
the first question ma^ come out of the career 
experience- of staff and the kind of "regional 
appreciation programme" which I espoused in 
the preceedirig section. Interpretation for the 
second question must come from the study of 
socio-economic historyincluding the stujdy of how 
technology and its control has influenced regional 
development. The structure of technology should 
be examined frofn a variety of viewpoints. 

From a social viewpoint, Mumfor, (25), for 
example, has identified what he calls mutant , 
dominant, persistent and remnant el einents. 
From an engineering view one may distinguish^ 
available, asymptotic, innova,tive and provident 



technology. Asynriptotic teclSndlogy i'fe that 
for which the operating functional principles 
are well known, for example of steam turbines, 
and the contii\uing development process^ 
consists in refining designs and^enlarging 
sizes usually in response to the principle of 
ec onomy of scale . Economy of scale is a 
major influence in shaping the structure of 
the technology. of actively indjj^strialized^ 
nations and has a significani mirfact on the 
ecosystem. Providefiit technologyriavthat which 
is anticipated at some time but is as yet 
unattained, for example controlled fusion. 

With respect to the stnicture- of technology 
and the environment the i^jsue of sensible 
sizes is pertinent. The teleonomic processels 
of nature h^ive placed man in ttte middle 
between entities on the cosmic' and nuclear 
is c al ev ~Fg)Tm-an ti g r pwth"(-2^6 ) in animals and 
plants is gov^rne^ by principles which^ontrol 
scale. Students should be taught to* ponder 
the balance of scales in nature and in human 
^ artefacts both for single units and in the sense' 

of populations. ^ 
^ ' Another categofization"^ of technology that 

is pertinent tonhe framework for environ- 
mental studies is that of private, public and 
' corporate or industrial technology^ The 
public technology of systiems for "water supply, 
transportation and communicatipn is designed 
to deliver a given service at minimum cofft. 
* C?orporate or industrial technology is that 
associated with the design and replication of 
machines and their products, that is, with 
machine and product populations (27). Tech- 
nological populations are a crucial issue as 
between man and the. environment and are 
closely related to the private technology of 
consumer goods, ^ut it is essential to >ote 
that while consumer goods use up natural 
resources, persons do nq/t consume other than 
food. All materials, therefore, flow through 
a cycle of acquisition, titans formation, use, ^ 
-^^^ waste Qr^^^ recycling; 

For /economic purposes, inudstrial activity 
. is often /divided into three sectors: ' the primary 
sector - (mining; forestry, fishing, agricul- 
ture) concerned with the removal of nonrenew- 
able and renewable materialscjfrom the earth; 
the secondary sector . -*(m^Ufacturing and 
construction) concerned with adding value to , 
materials\to for;m processed foods, metals, * 
chemicals, etc/, and to consttuct machinery. 



houses, bridges,, roads, etc. ; the tertiary 
tor - (transportation, communications, 
rmation processing, distribution, sales, 
health care, etc. ) concerned with delivering 
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s^vice&to the society. 

In summary, students should be made 
aware of different structural characteristics * 
of the techn^ltjgy of their ^country from other 
than a narrowly specific view of chemical, 
electrical, mechanical, civil or metallurgical- 
engineering. It is the overall regional 
structure oi te:dhnology"that proVf^s a per^ 
spectiVJ^ for sensitivity to queations of ^. 
environmental balance. |. 



Iristnictlonal procigBges 

In coming to, a di a oussion of instructional process es 
for developing in ^engineering education ah under- 
l3rlng sensitivity to environmental. questions, I 
would like to distinguish fcretween context and< 
cositent. The context should be based on the 
concept of systems (28-30) and their structural 
evolution while the content will be determlnetl by 
specialized needs and available Skills, Engineer- 
ing has contributed fundamental approalbhes to the 
study of commuilnication systems, feedback control 
ystems and systems of industrial processes, 
y of these system concepts have now been 
appropriated by econolnnistB f30) and others for 
use in environmental studies* ^ 

Since interconnexion and inte independence 
are fundaxnental ideas in engineering analysis^ ^ 
it is natuDttl to extend Ui^boundaries of systems 
to/inotcm the larger socio -envrionmental frame- 
work in which technological sub -systems cure 
embedded, and to consider the ^sociated histor- 
ical aspects of evolut^ionary development. Society 
is a result of the desi'gn of history v/her^as a 
machine is the regnU^f the design of engineering . 
What hap been almost totally absent in enginefer- 
ing education hajB been « Sensitivity to the histpry 
of technological development and consequently 
to-the consequeixces of such development in^erms 
of accumulating social ahd"environmental impact. 
If the processes of instruction encourage the 
acquiring of this .sensitivi^ the m^thodolo^ of 
enjgineering systems analysis will be found to be'' 
the natural vehicle for articulating it within' t(he 
hard cofe of engineering education, 

I therefore specifically reconimend*that 
engineering e^eators collaborate with histdrians, 
econonistQ» Ji^logists and sociologists to pro- 
duce hew ttndergraduate subjects of instruction ' 
|or all engineering students which c^>mbine«wit1ri 
conyentibnal htetory (^a^d, on political and social 



if^titut ions) an appreciation of the structural evolu- 
tion of technology and of its impact on both society 
and the environment, ^ If aberrant and general ih- 
•tahces of pollution are not to be attacked, ^ither 
^ verSally or by engineering actipni inanatfnosphere ^ 
of crisis, it is essential to be aware of the Bocio- 
te'chnical pr^oc esses that lead to the problems ih the 
first place. Study of man and his environment cannot 
leave out history. In relation to our environment^t 
is as important to asjk - where are we? and ho\/d^^e 
come to be here? - as it is to ask- where are we. going? 

An appropriate stage for students to receive • 
instruction on Regional Technological Development 
and the Environment is at the beginning of the third 
year of a' four year undergraduate programme. 
It is essential that such instructioOinot be super,-^ 
ficial. The key ingredients are a a/mall team of 
vitally interested staff with a leacielr who may be 
an engineer, jiistorian, ecorfomistjor ecologist. 
In the author's view there is a unique opportunity 
forUnescoandlTNEp to collaborate in generating 
resource materials for such subjects and I would 
relate this prp<?ess to the regional awareness 
^ programme 16 which I referred earlier in this 
paper/ , * 

-The systems aspect! of engineering education 
* I have been discussing Is concerned with con- 
text, with a framework of val\\es in an evolu- 
tionary structure. But engineering education 
at the core is a framework for action which 
. can be characterized by the feedback loop 
shown in Figure 1; This diagram, shows the 



(*) While there is a growing literature on the 
I history of technology and engineering^ 31^, 
and there is a great flood of books on man's 
relation tb the environtnent, there appears 
to belittle that meld^istorical, technolggical 
and envirohmental intluences into the kiM 
of synthetic treatment needed in engineering 
education^' 



Figure 1, T\ie System Feedback Loop of Engirfeerl^ig — ^ 
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charaf^terietic sequfnce of transitionXfrom stated 
) purposes to accepted objectives, to goalB..^nsid- 
ered to be achievablS^ to inglneering de^l^» to 
implementatli^n, to assessment of performance, 
and to evaluation of C(\nsequence8 which produce 
a delayed impaction th^ articulation of future , 
accepted objectives, Trye Icey ancillary input at 
each stage (represented by^he dotted lines) js the 
scope of the technical and value judgements qsed 
in making thci^ttsems formation Involved. If the 
^ sequence of judgements is narrowly technical, 
th^ loop is small in diameter and may then repre- 
sent the production of a clearly defined technical 
component of a more complex machiije. The 
Qcce^ptableivcon sequences are good technical 
performance. If the sequence of judgements is 
broad in scope ^nd considers^socio-environmental 
issues, the acceptable consequences include not 
only engineering performance in the technical 
sense but also environmental impact. The 
sequence of decision and operational stages in 
Figure 1 is applicable to devices and indeed io^ 
whole complexes such as transportation systems. 

In engineering education as I have kno^yn it, 
the above loop is rarely traced out except in 
project design work ahd possibly theses. To 
paraphrase Dr. Hare's wards, rarely does the 
teacher stand back and ^pecul^^te about the signif- 
icance of what he is proposing in otber. than a ^ 
narrowly technical and;immediate sense. The 
sciences and engineering sciences in the engin- 
eering curriculum' are ii)Strumentaltties of 
engineering purposes and not ends in Jhe^rrsiHlVBs, 
But the student experiences them too often^as 
ends, and pnojects^nd designs are often isolated 
from larger questions of significance and intent. 

. I would not propose that in all projects and 
desiTgn work the loop be closed on a basis of 
«br9ad ^^iv'ft'on mental concern. Such a procedure 
>vould lead to auperficiality.v -What«I do propose 
- in "evd^y area'^^f engineering education Is that the 
teacher* point out to the student at what level of 
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judgement the underlying de'cision sequence is 
being developed &nd therefore point out what 
levels of judgement are being; omitted. Concen- 
trating on issues relevant to the task at^hand is 
essential to good engijieering, .bjut many of our 
- probleiqrrs stem from relegating to the unconscious 
the factors that have been so set aside,. 

^ Since every field of engineering impacts the 
en\/lronmerit, it is essential for every -^englneening 
student to participate in at least one engineering 
design or praject study in wfiich the level of 
judgement used in followir^g the decision se^juence 
of Figure 1 includes explicit concern for socfo- 
envirorimental effects, The'ways in which this 
can be d^ne are as various a's the qualities ^6f 
awareness present in the teaching staff and 
depend critically on this^^^uality, 

' . Projects (32) should be derived from the 
regionaL^vironment in which the engineering j 
school is located. These may, -for example, be 
based on mass and energy balances for firocesses, 
industrial plants, jagricultural, forestry and 
•^mining operations, and population centimes/ on 
tracing the pathways in the local ecosyBtein 
followed by materials involved in mass balances: 



qn org^nid System mpdels for transportation, 
communitiations and energy services in a 
region. The organic View should inplude an^ 
examination of how gdvernment regulations, 
taxation policies and t-Qgional development 
policies influence the evolution of the sub- 
system being consi,de red. 

In technical schools, projects may^be 
built, for g^ample, abound the instrumentation 
and monitoring of miass and energy flows 
related to soil, watejr, air and associated \ 
technological operations. Environmental^ 
problems offer a unique opportunity for project 
groups to be set up jointly within engineering 
schools and betvyeen engineering schools and 
technician schools with the collaboration of 
local government and industry. 

The development of teaching resources 

Each school should have a modest information 
centre designed to support studies of regional 
problems of the environment associated .with . 
regionaUtechnological development,- This\ 
may be. incorporated into the Hlirary by cai^e- 
ful cross-referencing.^ The documentation 
should include goy^rt|ment (18) andHltility 
reports ( 33), annotated bibliographies ( 22, 34, 35), 
periodicals (36), review articles (37) and 
film lists ('38, 39), These materials should 
''"cover the rOle of science, engineering and 
technology, of taxation (economics) and of 
government regulations and development 
policies. Much of the existing material gener- 
ated^in intensely industrialized countries will 
not be particularly relevant to a specific 
xegional focus. It is,, therefore, recommended 
that the format of information files necessary 
for the achievement of a balanced regional 
focus be defined as part of (he proposed 
regional awarenes^ programme, and that 
Unesco and UNEf develo^jguidelines for such 
infdrmatipn files,- 

Beyond the development of the structure 
for such information fil(?s, there m^y be 
commii^sioned the preparation o^ regional 

ti ^ ^documentar y assessment guides which would 
function as extended annotated bibliographies 
for environmental references. Unlike many 
textbooks Which are written by indivi(?uals in 
thi? context of the teaching programme qf a 
singly institution, (his work ^hould b^, carried 
-out by a* task gi^'oup of teach-ers, government 

' and tpdustrial representatives led by an able ' 
individual. This proposal is intended to place 
e'mpha&is on the need to interpret th^ vast 

• flow of accessj^fble information in a regionally 
9ig^ifican«t manner, a task., that in itself has 
distinctive vmue. the commissioning of such 
interpretive/studies should be effective in 

* delineating inhere specialist texts arid films 
^ are badly needed. 

No effort to develop sensitivity to^the 
' environhrtOnt in an« engineering school as' a 
whole'^cOTi be successful without a reasonably 
widesp/ead coromitment from the teaching.' 
staff, /in schools that hiave /Civil and/or ' ' , 
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chemical engineering departments, basic leader- 
ship may be expected from these groups. Mow- 
ever, a task group with an able leader and at 
least one staff member from each area of engin- 
eering may be essential as a^^talytic and co- 
ordinating influence. It is desirable that such 
a group, founded withiin a school have, as full 
or associated members, persons who can provide 
insight from ecology, 'economics, law and history 
and from government and industry. When the 
framework for awareness is not just environ- 
mental problems, but the historical interplay of 
regional technolojgical development with 
eny^ronment, the great majority of the staff and 
"students should be keenly^otivated. 



Conclusion 

This paper has been concerned with the need and 
workable processes for achieving in engineers 
and technicians as a whole professional group 
sensitivity to, and awareness of, environmental 
problems. It is argued that such an overall need^ 
is real and therefore that separating out (environ- 
mental. concerns and allocating them to a new 
disciplinary branch of engineering called environ- 
mental engineering is not feasible. All engineers 
and technicians must be concerned, aware and 
educated to act, some more than others. This is 
not to argue that In a given region one or more 
schools should not specialize In environmental 
studies. However^ it is to argue that an overall 
awareness should be developed in all Schools and 
be selectively Intensified in ways that are dis- 



cussed in the papers companion to this. For many 
students selective intensification may consist in 
having the opportunity to take one or more elec- 
tive subjects on ecology, technology and the city 
and! so on^ which are additional to the proposed 
core subject Regional Tecluiological Development 
and the Environment . 

A key argument in this paper is that environ- 
mental concern should be integrated into an 
appreciation of how technology has developed and 
may be expected to develop in the regipn. • To 
achieve this end, threads of historical regional 
development - social, technical, economic, 
environmental - must be woven together in ways 
which are not at all common in engineering educa- 
tion as it now exists. The historical evolutionary 
structure of regional technology and its impact on 
people is a key ingredient. It is this proper " 
concern for the creative rOle 6f engineering in 
social development that will motivate staff and 
students alike. 

No prescriptions have been given for cur- 
ricular content as such. Such content will flow 
from specialized sources readily enough If the 
context of environmental study In the school is 
developed through a regionab awareness 
programme led by a task group working from the^ 
available base of staff skills and other resources. 
The author reaffirms his conviction that th^re are 
unique opportunities for \jn^sco and UNEP to 
stimulate such coherent awareness and in'^^so 
doing to revitalize engineering education. 

THe context of l^Ieirrguments applies to all 
professionals slmllkf to engineers. 
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Annex VI \ - ' ' 

THE EDUCATIQN/4nD TRAINING OF 
ENGINEERS FOit ENVIRONMENTAL 
, HEALTH 



Paper presented by the World Health Organization 



I; INTRODUCTION AND PURPOSE 

The close relationships between environment and 
health have been increasingly recognized and 
stressed in recent years in edl parts of the world.i 
As the Twenty- Seventh World Health Assembly 
noied^ "any pnvironmentEd deterioration ultimately 
affects human health and any programme for the 
improvemerlt of the environmental ultimately con- 
tributes to tne improvement of humaa.health and 
well- being",! The economically developed nations 
are facing ac^ute problems of environmentsQ pol- 
lution caused tnainly by cheijiical and physical con- 
taminants of Abater, air, soil, food/ habitat and 
work place, while in most developing areas ^bio- 
d logic Ed contamination will remam, for many years 
to come, the nriaii^,problern of environmental hesilth, 
although other t3rjj^s of pollutiori are rapidly in- 
creasing also and heed to be ccfhtrolled before 
they get out of hanci, in both instpices the solution 



of the environmental problems in volwA'^pequTres 
the application of engineering principles to'fa) j^he 
preventio}i, control and m an agepn en t' of .environ- 
mental conditions that a^versel}^inflxience manj^ 



physiccd, mental and sociEd health) arid well-being, 
and (b) the work and processes involved in the im- 
provement of the quality of the environment for 
man's health, comfort and efficiency^ 

The reader's attention is called especially to 
. the fact that health, according to WHO»s donstitu- 
tion, is not merely„the absence of disease and in- 
' firmity but also a state of complete physical, 
mental and social well-being. The expressions 
^^h^alth" and "environmental health" used in this 
t paper must be understood, in this context and do 
not ^efer only to a diseased oriented concept. The 
ultimate objective of the environmental work of 
/ eilgineers in many cases is nian's health andwellr 
' , toeing, even though intermediate objectives may be 
"Jimijed to the-act\lal control or; modification of 
specific elements Of the environment, Mt is ob- 
vious, therefore, that engineers belonging to 
Several fields contribute directly or indirectly, 
. siri^jly or through teamwork, to the fulfilment of 
the health objective, * . ■ ^ , 

This view is sharej;! with sovoral WHO expert 
r:ommUtees and with^'autttors of WIIC) publications 
arid reports,, including: ' ' * " ^ 

I* Th«' ref)ort th<; V)xfu^vi C:ommittee on * 

ERIC . • . ■ 



the Education of Engineers in Environmental Health, 
Techn, Rep, Ser, 376, 1967, pp. 6-8", * ' 

2, The publication entitled The Education and 
Training of Engineers for Environmental HeEdth ,'^ 
Cassel, J, et ail , , 1970, pp, 11-14, ~ 

3, The report of the Expert Committee on Na- 
tional EnvironmentEd Health Programmes: their 
planning, organizationaEuid administration, Techn, 
Rep, Ser, /439, 1970, pp, 18-19, ' ^ 

4, A paper on "WHO's inte?fest in environ- / 
mentEd health" presented at Unesco*s Expert Meet- 
ing on EnvironmentEd En^ineerin/g, Paris; 21-25 
January 1975, 

These docu^en^s have been distributed to Edl 
participants ih this meeting, and it is not proposed 
to review them here* Special attention is called,* 
^.however, to the excellent discussions of "Environ^ 
mental health engineering*' by professor John A, ' 
Logan, and to "Changing concepts of environmen- 
tiBil health", by John R, Goldsmith, in publication 
N0/2 (by CQSsel et al . ) cited above. It will also 
be noted that Unesco took part in the work of the ^ 
WF^p Expert Committee on the Mucation of En- 
^ gii^ders ih Environmental HeEdth^TRS 37 6) , pub- 
lication No, 1 mentioned ffbov^, ^ 

The purpose of this paper iajp des^j;,ibe in 
some detail the rfile of the engineeii^i^l^ther^^l- 
l§d public heEdth engineer, sanitary Sigineer, en- 
vironmentEd health en^neer or simply erivirohmen- 
tcLjr engineer) in. heEdth- oriented work, an^ the 
inciples of educationEd planning which should 
guide his education and training. 



ROLE OF THE ENGINEER 



ore a suitable education programme may be 
designed and curricula developed, it is imperative 
for the planjier and the responsible administrators 
to have a precise idea as regards the work and 
rdles to be performed by a health- oriented engineer. 

A separate paper, entitled "The functions of 
the engineer in the assessment and control of en-' 
vironrtientEd conditions and hazards Jhat affect 
man»s health"; has been submitted by WHO and 
distributed to all participEuits. The paper, which 
is the product of a consultation meeting called by 
^he organization -from 29 Aprir through 1 Mhy 1974, 
*gives a rather broad description of the subject.^ In 




more apeclflc terips, the r©le of the health- 
oriented engineer may be outlined as foliowa:J 

Depending upon his bacUgroiind and degree 
of specialization, the healtJi- oriented engineer 
^plans; administers and co-ordinates environmen- 
tal health programmes carried out by health and 
other govemnnent departments, by public bodies 
and private organizations and enterprises. He 
performs similar tasks to those of a civil, chemi- " 
cal or mechanical* engineer, b\it concentrates on 
the conception, design, construction, operation, 
maintenance andaiirvelUance of specialized facUl;- . 
ties, e. g, those necessary for the control of the- 
quality of air, land ii^^ water resoyrces and of 
man^s ip^rsohal and wolfing environment. In par- 
ticular facilities for watei^igupply, waste- water 'and 
solid waste disposal, vecwr control, healthfuf 
housing, food safety, noise ui^ntJ'bl, radfatloh 
protection, dlsp6sal of 0bnoxlouW gases, chemi- 
cals, and industrial water, and eWluates the 
^performance of such works. In coUabora^Qn 
with health offlcera and scientists, he ass^Bses 
environmental conditions, organizes and Super- 
vises programmes fort^emonitor^g and surveil- 
lance of the quality of man's environment, par- 
ticipates In the elaboration of/statements on ex- 
pected environmental impact"^ of physical develop- 
ment programmes; jdarries out research and in- 
vestigations,, assists in /setting standards in 
physical and uAan planning and in evaluating^ 
adequacy and effectiv.eness of control programmes 
ana:mea3ures for the protection of man's health 
and well- being. Finally, he organizes studies on 
related economic, financial, managerial and legaj^ 
feasibility, ' ' 

It must be well understood that no one engineer 
can have an education and. compete^^e in all the 
^mrk areas cited above, and that environmental 
heaHh programrhes require teamwork involving 
the participation of various types of engineers,, 
public health officers and scientists, all of whom ^ 
shoul^d have, through th"eir education and training, 
a common understanding of the ultlmajje objective 
to be achieved. - ' 



III. EDUCATIONAL PLANNING 

The^ challenge brought about by the broadening 
spope and acceleration of environmental changes, 
allied Jto tl^e growln'g popular concern of pollution 
problems^ raises, a series of questions In respect 
of the training 'and education irf environmental per- 
sonnel in relation to their rOle in environiriental 
health matters. ,In. recent years, there have^been 
continuous cbncern and interest 4in these ques- 
tions. Theconsensusofopinlonlsttiat to prcjiceed 
with the production of trained people in the absence 
of planning is at best, to display ignorance of i 
th/e basic aspects of th^' m^P^^er issue, at worst,' 
to perpetuate a situation which defeats the v<ery 
purpose for which people >should be trained. In 



developynent should ensue from the modem con- 
cept of educational planning, Emt)ha sizing further 
the common pUrpdse of manpower development 
and service^ these authors argue that manpower 
and educational planning should be supported by 
a cohesive and ^ynamlc pollfcy. 

It Is beyond the scope of tills paper to discuss 
both the aspects of planning and development of 
the manpower issue, .Instead, this part bf the 
paper addresses the Issue of educatloncd planning, 
and, more specifically, that o| educational leam- 
ing 4?bjectlves, \y,ith a vi^w to stimulating its ap^ 
plication Ip the developfinent of environmental man- 
power tl\at^wlll be capable of contributing to the 
achievement of human health objectives. Of course. 
It Is not Intended, nor IsHt possible, to define the 
educational objectives of training prpgranimes fdir 
this type of engineer in- the context of this paper. 
Indeed, educational leamli^g'bbjectlves are defined 
ori the basics of needs»*and of the acf^jal tasks which 
the engineer is called uponlo perform, Addljtlonally, 
educational learning objectives can only be formu- 
lated In the context of a' given situation, nfimely ^ 
country or 'region, llowever, the /armulation of 
«duCati6nal learning objectives id Illustrated In 
An^ex Ilof this paper. 'Jhey have been developed 
in connexion with the establishment of an Inter- 
coi/ntry training programme for environmental 
health personnel at the technical level; They 
covier only t ho activities of sanitation personnel 
th^t are related to the' surveying of existing sani- 
tary conditions, and |ire based orr the needs and 
tasks of this jpersonnely both of which have been 
predetermined, ' 

A study group defined educational or instruc- 
tional tecJjinology as "a systematic way of design- 
ing, carrying *out and evaluating the total process 
of learning and teaching In terms Sf specific objec- 
tives, based on .research in human learning and 
communication, and employing a combination of 
human and' non- human, resources In bringing about 
mor6 effective instruc5tlon/'( 1) This definition, 
obviously,^ Includes- all the attrlbut^i^ that are 
normally considered In educational planning. 

• Viewed as a system / the prodess.of edu^atlonial 
planning comprises t^e essential steps that are 
connnnon to all systems, namely: 
assessment of the real needs that exist; " ^ 
assessment of resources. Including the identlmca- 
^ tlon and determination of influences of the con- 
straints or limitations that exist;' 
definition of. tasks; ^ 
deveiopmeht oralternailves |o acftleve the desired 
objectives,, including the selection of th^ opti- 
mum 'alternative for irriplementation; and 
evaluation through feedback based on collection of 
inf(Drmation. ' " / / ' 

This is further elaborated and bes t illustrated in . 
figure 1 (p, 91). 



Ill, 1 EDUCATfONAL tEARNiNG OBJECTiyES 



addition to stressing ^the need for systematic ^ ' 
manpower plarj^ing for the continuing surveillance In addition to recdgnlz^ngthe interdependericy be- 

6f ttianppwer requirements, development and " " ^^ twee the system, all educators 

utilization, 'the authors of current literature on ^fc /^gtnd edhicfationail planners today agree to singleouj^ 
the BUbject argue very forceftiUy that manpower ^jjjP^^ d^fihitibn of educational learning objectives as 



a most difficult', yet most essential « step of the 
prdcess. This assertion is based oh the premise 
that "an educational prograrhme hfismore chance 
to be effective if its purposes have been clearly 
expressed". (2) 

What are- educational learning objectives? 
Kemp (1971) defines them by posing the question: 
"^What jshould students know, be able to do, or in 
what ways should they behave,' differently after 
studyinrg this topic. "(3j|ja^He argues, further that 
"we speak of learning obj^ectives because our con- 
cern is with learning as the outcome of instruc- 
tion". The very papular fable of the Sea Horse / 
narrated by^ Mager in the preface of his book Pre^* 
paring instructional objectives , a classic of the 
literature or^the subject, illustrates be^ the, im- 
portance of this element of the syfetem of.feduca- 
tional planning. "The moral of this fable," in 

' the author's own words, "is that if you're ,not 
sure where you're going, ^ou're liable to end lip 
someplace else - and not everi know" it". (4) 

Articles on both educational planning and 
learning objectives are being published in increas- 
ing numbers. Unesco has promoted the publica- 
tion of a whcile^eries.of booklets that are " written 
primarily for two groups: those engaged in - or 
preparing for,- educational pi anniiiig and admin- 
istration, especially in developing countries; and 

'others, less specialized, s06h as senior govern- 
ment officials^and civil leaders, who. seek a more 
general understanding of educational planning and 
of how it can be of help to overall national devel- 
opment". As early as 1969 a WHO internal docu- 
ment (Handbook for teach ^rs; of health sciences, 
(AFROf) disseminated informatiron onjthe subject. 

In the specific field of engineering education, 
the American Society for Engineering Education 
(Slays a leading r61e in ^iisseminating information 
on the subject. Of'particular interest are a series 
of articles' published by the Society in the Decehi- 
b^^ 1972 and March 19.74 issues of their magazine 
Engineering Educatiop . The Third^ational En- 
vironmental Engineering Education Confer^nc^, 
held at Drexel -University in August 1973, recom-- 

- m^ende^ that the topic of educational learning pb- 
Jectives, including the use of newer educational ^ 

^methoddlogies to meet these objectives should be 

-appropriate for a workshop to be sponsored by the 
Association of Environmental, Engineering Profes- 
sors (A EEP). ^^^Ji^ ' - ' . ^ 

i . . / 

'111. 2 THE CONCEPT OF ORGANIZATION ^'^ 

DEYELOPMENT ^ ; 

In the context of this discussion, and in order to 
emphasize further the comni^iOn purpose of man- 
power development and service, it is appropriate 
to bring forth «a "new trend", that ^"organization 
development'*^ The trend is defineolaiy Burke ancl 
Schijiidt as "^process Which ^attempts .tb^ncrease 
organizational effectivenejas by integrating in^^Ji- 
vldual desires for the growth and^development 
wi^h organizational goals". (6) ^ Basically, the ^ 
cohibept of- "organization dev^lorpment" stems 
from the hew meaning of the terms ' education 
and training^, and reMtes as )vell to the relevancy ^1^9^ 



of the educational learning objectives to the or- 
ganizatfonal in^itutions in which the trained 
people are called upon to work. It is an important 
factor in the "nnan- organization" equation. 

Training and education, today, imply "a 
planned change over a period of* time in the be- 
haviour the learner". They entail much more 
than the dev^opment or improvement of skills. 
Behaviour is interpreted as nneaning evidence of 
"development" in three domains, affective, cog- 
nitive and sensorjyhfiotor. Therefore, »the suc- 
cess of an educajridnal programme depends on 
the outlook. of its graduates and can be measured 
by their standards of performance ^' i. e. vfhether 
the students have acquired the knowledge, atti- 
tudes and skills Required by their future assign- 
ments. But, above all, the success of an educa- 
tional prograiTg^e depends on whether, once 
trained, people will be able tp work in a "growth 
milieu" on an organizational environment which 
motivates them, stimulates their talents, and 
.acknowledges the personal goals of its members 
ancJ - as b^st stated by Byers - "the nee^d to bring 
these goals in as close consonance as possible 
with organizational goals". (7) 

Obviously, the latter objectives cannot be • . 
accomplished by the educational programme; in- 
stead, they should be contemplated in a second 
phase to be execut^^oinilly by the educational' 
institutions and the^ organizations within which 
the graduates will ex^cise their profession. 

In effect, the xyhole applicability of "organi- 
zation development",^^ the educational system is 
not in technique as nnuch as in attitude. The con- 
cept really involves more of a^philosophy tl^an a- 
methodology, and because philosophies have be^n 
historically 'either extremely vague or almo'fet- 
prohibitively involved morally, few of them have 
succeeded in a large context* However, the es- 
tablishment and partial success of some world- 
wide programmes allude to the possibility of 
more than localized survival o^he "organization 
development" concept. 



dHI. 3 WHO'S ASSISTANCE TO EOyCATlON 
AND TRAINING IN ENVIRONMENTAL 
HEALTH 

The prospects for significant changes in the WHO 
p;rogramme of assistance in education and train- 
ing are evident in several World Health Assembly 
resolutions and recommendation*; of WtJO Expert 
Committees (TRSr76. TRS 439). In acknoMedg- 
ing further the new trends and developments in 
the educational field as they apply to engineering 
education, WHO has launched several activities, 
all of which reaffiriii the Organization's progres- 
sive interest in environmental health engineering 
education. Some of these activities which, of 
late, have been undertaken by WHO include; the 
rong-term programme in environmental health 
which comprises a strong element of education 
and aims at Jthe establishment and support of a 
number of centres for the training of environmen- 
tal health^'personnel, similar to the already es- 
tablished Inter-^regional Sanjitary Engineering 



Centre in Rabat, Morocco; the study recently ini- 
tiated by the WHO Regional Office for Europe, the 
priinary objective of which is to survey environ- 
mental health manpower requirenneiits, as a basis 
for evaluating current training prograrhmes and 
preparlng^new ones; the organization by the WHO 
Regional Office for South East Asia/ in November 
1^13, of an inter-country seminar on the subject 
o^tnanpower plaijning, development and utilization 
in envlroiftnental health; the organization of a work- 
shop whic)} is planned to be held in Rabat, Morocco 



in October 1974 the theme; use of new methods 
and techniques, in eduqat^onal programmes for 
various levels of environmental health personnel, 
especiqpy their use in sanitary engineering courses* 
, Ih addition, WHO is actively engaged in the elab- 
oration of a comprehensive ^obal programme for 
the development of environmental manpower, in 
response to the Wortd Health Assembly resolu- 
tion WHA26. 59 adopted by the Assembly in May 
1973, The overall objective and sub- objectives 
of the programme are oetaijed below. 
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OVERALL OBJECTIVE 

To aaQist Member States to prepare and l^mple- 
ment tn^lr ^ans for providing the staff to man 
their ehvlconinental services " 




in the area of his assignment. Additionally ,\the 
pi^edetermined needs are\those irt water supply 
ex er e t a . dis po sal , f oo d h y gi^n e , insect an d r p den^ 
/ conii:ol and housing. 



It would hav^khe following sub-objectives: 

A. Formulation oCjnanpower ^nd educational 
policies and plans " 

To prdmote studies and investigations with a view 
to developing practical working guidelines re- ^ 
quired for the 'formulation of m^power and edu- 
cational policiea and plans. ^ 

B. Determination of manpower r*equirements ' 

To extend assistance to Member States in deternjiln- 
ing their manpower wquirements in the context 
of their national health plan and programmes. 



Deyelo^^ment of manpo>yer and educational 
planning 



To assist in^strengtbening existing national, re- 
gional and in^er- regional educational programmes 
and in the estfablishpnent of new programmes, to 
iiicluqe: ' , / ' 

rAanpoWer planning for the continuing surveillance 
of environmental manpo\yer requirements, de- 
velopment , and utilization, and ^ 
educational, )>lahning to include basic and continue 
in jg education, research (as a component of 
teaching/learning), educational technology and 
evaluation, ♦ ' * 
thus emphasizing the common purpose of man- 
power development and/f eryice in envirorimen- 
'tal health. / / ^* ' " ' ^ ' ■ .. . 

D. Impr^vemen/^of the q[t^ality of education jaA^ 
( the educational cfdli/e 



y system 



To asiHistin the establishment of ihternational 
and regional ,reference^serviceS» ahd in the or- 
^ani^^tion of works^ps, sejpinar^ emd oyther 
mc^^irigs for the exchange^i of knowledge and .iii- " 
-^'rmation, the preparation of handbooks,^ the 
^promotion of r exarch on ^educational planning 
and technology, in order to iirjprove the quality 
of education and the educaHohal delivery System. 

E. Teacher traii^ing^ -iraiiv^ng of specialist^ 'A 



'to organize ox assist in the organization of lohg 
term and short-* termv courses and miilti- 



professional education C0(irses'f or teacher train- 
ing and the training 6 rspecialists in human ecblogy 
and environmental sciences and#<?echnology. * 

pefinition of educational learning objectives 



The^follo.wing objectives, which are defined in 
behavioural terms, are those related to one of 
^ th^ primary-fun<jfions of sanitation personnel, , 
.niamely;* the carrying out of ie|vice3 and invest! 



Water supply 



4) 



To carry out an inventory of water resources', that . 
is to identify all water sources and the use that is 
made of them; to localize them on a map of the 
area of work; to indicate the extent of pollution 
and the topographical characteristics around each 
water source and within a radius of 50 metres. 

Describe the physical characteristics and pat- 
tern of utilization-of waterl rWhenever possible, 
determine the yie^jg of the ivater source. 

Excreta and other wastes disposal 

Describe the different methods of excreta disposal 
that are actually used, including the capacity of 
septic tanks, the size of concrete slabs of pit la- 
trines, the existence or absence of odours^ fliea, ^ 
rodents op others. 

Determine approximately the number of people 
using a, latrine and the frequency of utilization. } 

Describe the topographical characteristics of 
the area where latrines are situated and the dis- 
tance of excx^eta disposal systems from water 
sources. . ^ ^ , ; 

•^Identify those areas where defecation is prac- 
tised in the open and the physical characteristics 
of such areas in relation to watfer sources, resi,-' 
' dential areas^ public markets, etc. . ^ 

*Pet;erm'ine the com|t>osition and approximate^ 
volume of household refuse.. \ ^ "* ^ , 

I)es<pribe the nj^thodei pf disposal of refus*e^ 
the ^an/tary i^on^itions of disposal areas, etc; # J 

' ■"* ^' " . 

FOjod hygiene ■ , ; " n ^ 

; ' \ ^7^-^ . ^. . * ^ 

p'e.soaribe the sgmititry conditions of i:^^^^^ where 
foodstuffs are stored, pfepared, sold and con sum epl,^ 
and in particular those of public markets, restau- / 
rants, ^tc'. ; methods of t/kns port of foods tu/fs; 
methods of controlling the quality of meat and 
milk; the . sanitary corrdltions of slaughterhouses; 
the conditions under! whioh-^milk ia'lifenridled''an9 

sold.. _ . ;^ \^ 

Insect and rOdent control • 



Idfentify insects, molluscs and rodgnts, with parti- 
cular reference to those thab^^lne implicated in 
dil^ease transmission. e - ' ^ 

ical ^characteristics of 
wl| ere water stagnates, 
breeding pi etee for insects anjii^od^ts, and localize 
these on the sanitary map ol the area o/ v/ork. 



Determine the physi 
marches, or other places 



gationit regarding existing sanitation conditions 



.Hosing 4" 

^ \ 

Describe the types Of housing^ 
incliiding the chaVacj^eristics 
these hou^s are built; the con 
that are used in the fjOo|;s, 
walls.., ^ 



n the area".o| work, • 
ihe terrain on wjiich 
ruction materials 
^ofs and partition 
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Describe the ^anitkry\conditions of housing 
in respect of aeration, yentilation and the num- . 
ber of people using the^leeping quarters. 

Indicate the methods of water supply to the. 
premises and methods of storing water for drink- 
ing purposes; methods of excreta and refuse dis- 
posal, etc. 
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ENVIROjilVIENTAL ASPECTS \VI THIN UNlDO's 
ACTIVITIES IN THIO FlEl.I) OF TRAINING 

Paper presented by the United Nations Industrial 
Developrpfent Organization 
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UNIpO organizes In- plant Group T^raiping Pro- 
grammes for engineers and advance(3 technical 
p€|rsonnel from de>Moping coruntries in co- 
operation \^ith the governments and industries.of 
countries 'Viaving the 8p^*cialized know-how and^ 
experience in the field in which the training is 
carried out. & It is- being increa'singly recognized 
that intensive, systematic and closely controlled 
training in a suitabl^indus trial environment is one 
of the most effectiveVways of acquiring industrial 
experience in a relatively short time. Through 
these programmes a means has been found pro- 
viding an experience that might not otherwise be 
possible. ^' ■ 

The programmes help to br;dge the. gap be- 
tween the specific requirements of industry and^ 
the theoretical knowledge the participants have 
'acqyired through their studie's. - They also provide 
an opportunity for an exchange of ideas and expe- 
rience both among senior personnel of industry 
andresearch institutes in industrialized and de- 
veloping cburitries and among those, from^ the de- 
veloping countries |h^|ri*selves. 

, The first in- plant group training programmes ' 
'were carried out for specific, sectors of industry 
such as iron, and steel-,, electrical, textiles and. 
pjalp and paper. Later, programmes on functional 
subjects - 'maintenance and repair, standardiza- 
tion, quality control, etc. - were introduced,. It 
is expected that programmes forlother industrial 
sectors and for new functional or! specialized sub- 
jects will be ^dded'. ^ 

Each programme consists in general of three 
major elements: a theoretical introduction, actual 
in- plant training and an evaluation session during 
whicb the participants^ prepare individual reports 
appraising the programme and' discuss' how the 
' newly acquired experience can be applied under 
the conditions prevailing in their home countries. 

UNLDO is responsible, together with the host 
' authorities,' for the design of each training pro- 
.gramme, the r^ruitment and selection of parti- 
cipants, an overall evaluation of the programme 
ah«d follow-up- activities. To increase' effective- 
nessS^&££o*'^*3 are 'being ■ made to place the pro- 
grammes on a long-term basisj where possible, 
or haVe them carried out for at least three yeffrs 
in succession. 

[n^l!J72 fJNIDO took thei initiative to organize 



an in- plant group training programme-on environ- 
mental aspects of industri&l development, which 
progi^amme was carried out in early 1973 by the 
'university of North Carolina(l). In 1974 UNEP 
agreed tQ, finance the incorporation of environmen- 
" tal elem^ents in a number of in- plant group train- 
ing programmes. For ^our programiTnes a special 
paper on environmentltl aspects has heen or will 
be prepared by a consultant and the subject matter 
will be introduced in the following programmes: 
Pulp and Paper Industry (Sweden), Iron and Steel 
Industry (Ukrainian SSR), Petrochemical Industry 
( Romania) and Textile Industry ( Poland). In a num- 
ber of existing programmes, the environmental 
aspects were already included, such as in the pro- 
gramme on Application of Dyes and Chemicals to 
Textile (Switzerland) and On Management of Main- 
tenance Services (Sweden). The material thus 
prepared will be used in repeated programmes 
as well as in training activities (continuous train- 
ing of practising engineers) carried out by UNIDO 
in the developing countries themselves. 

UNIDO is also thie co-operating agency for a 
number of other projects in the environmental 
field, namely: (i) environmental considerations in 
the leather- producing industry; (ii) case studies of 
four industrial development projects; (iii) study on 
the development of integrated industrial complexes 
with minimized pollution; (iv) environmental^ con- 
siderations in. the' iron and steel industry/ and (v) 
study on synthetic ve^rsus natural products pilot 
project on the rubber industry. The material de- 
velo'ped in these studies will be utilized in UNIDOte 
field project including training projects both in the 
developing countries themselves as well as in the 
in-plant group training programmes referred ta. 
abgve. 

In order to a-ssist the develdt>ing Countries 
with information on indust^al development, UNIDO 
has established a clearing- housQ service in the 
form of an Industrial Inquiry Servic^ef which ser-r 
vice is used by industry, industrial institutions 
and, if so required, by education institutions. In 
1973' the UNIDO Industrial Inquiry Service, pro- 
cessed 3,500 answers; of these 20% were related 
to^ equipment,^ 50% to technologies and 30%' ^to^^ 

(1) For further details see Aifne^ V, paper 
by Professor Okun. 



statistics, programrning, mariagemerl^ and train- 
ing. The Industrial Inquiry Service is alsb pre- 
pared to provide interested parties in the. devel- 
oping countries with information on environmental 




aspects related to ini^ustry. Jnfe^rmation is supplied 
from UNIDO'sown sources as well as from a net- 
work of c.orrespondentig in different countries, 
both industrialized and develd^pin^ countries. A 




WMO ACTIVITIES RELAXED TO AIR 
POLLUTIOf^' 

i» ■ 

Paper presented by the World Meteorological 
J;^ Organization " • . 



1. In view of the possible unfavourable conse- 
quences of a gra^jual increase of low- concentra- 
tion pollution in the atmosphere, there is a great 
need for a world-wide monitoring system to fol- 
low the trends of atmospheric pollution at a back- 
ground level. With this in mind, WMO decided 
in 19 7 0 to launch a project'Laitfiing at the establish- 
ment of a global network of observation stations 
to be located sufficiently remote from industrialized 
areas so/as not to^be influeaced by fluctuations 
in pollution from local sources. It -was agreed 
that, to meet the WMO requirements, the ne|- 
• work should consist of two types of stations with 
distinctly different objectives; 

(a) Regional air pollution statiorfs, intended 

, to reveal long-term changes in atmospheric com^ 
position which may be related to changes in re- 
^ gionkl land-use practices or other activities'. 

(b) Baseline air pollution stations, designed 
to document long-term changes in atmospheric 
environmental parameters of particular signifiT- 
cance to weather or climate, with a minitflum in- 

,1 fluence from local or regional factors. 

•2, As regards the first type of station the 
network became operational in July 1970. Sinqe 
that time and as a result of a request to^ all meiri- 
bers t^o establish at least one regional station in 
their territories, the network ha» been e:jcpanding 
and now comprises some 90 stations from 42 coun- 
tries. It is hoped that in the next few years this 
network of stations m'aking^measure^^nfvents of the 
atmospheric composition will grow tm^hO stations. 

3, Concerning the second type\jg/f station 
continued interest is being devoted tb establish- 
ing such a network. So far, nine mfembers have 

^ proposed locations for altogether in such stations. 
It is currently -^stim at ed-tha-t- finally about twenty 
stations of this ^ypei well distributed over the. ' 
surf^e of the globe, will meet the spatial sam^ 
pling requirements t(^ allow studies of long-term / 
global trends in atmospheric composition. - ^ 

4, An^arrangement has been, made with^the 
. United States of "America who.have volunteered 

to collect and publish, und^/WiVlO sponsorshi}!),^^ 
the "Turbidity, and preci^r^itatiofi chemistry data", 
in acQordanc^ vyith mutiially agro^id upon formats 
and standards. V.^^\ 

5, In order to achiovo tli^N standardization VOtS 
and cpmparabllity of^tho data frV)nr» thtJ network, ^r!^ 

0 ' 5.' ■ ■ ' ■ A ■ , 
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a manual is being prepared, giving detailed speci- 
fications for the operation of the stations and step- 
by- step instructions for recommended sampling 
andfahalysis procedures. P^t I of this manual 
"\yMO Operations Manual fo^^Sampling and Anal -"^ ^ 
ysis Techniques for Chemical Constituents in Air 
and Precipitation" gives advice and describes the 
programme for regional stations. Part II which * 
is'to.4:)resent guideMnes on sampling and analysis 
techniques for gaseous and particulate matte-r"^!! 
air at baseline air pollution statidnsV is now being 
prepared with the collaboration of several eminent 
scientists. It is ex^Dected to }De published in mid- 
1974. » 

6. WMO is increasingly aware of th^ need to 
study man's impact on global climates through, 
va*rious activities. The United^Nations Conference 
on the Human Environment in Stockholm in 1972 
in fact recommended wMo, in ,od^ ope ration with 
the scientific community, to continue ongoing pro- 
grammes or create new ones as necessary to study 
the consequences for the world's clipr^ate of mane's 
increasing impact. The Global Atmosphei;'ic Re- 
search Programme, a commqd^^rlter prise o^ WMO 
and ICSU, has already taken^steps to organize a * 
special international conference on models to be 
used to, study climatic fluctuations and man-'s im- 
pact on global climates. Various other^ activities 
for promoting research on climatic fluctuations 
are likely to emeii\i^e. j 

7. WMO, ai,|npugh e spec ialj^^y interested in 
background pollmion and its effect on climate has 
also considerablfj activities goirig^ on in relation to 
problerns of hi^ n j- concentration/air pollution. A 
working groupijdh atmospheric pbllution and atmos- 
perhic chemistry of the Commis/sion for Atmospheric 
Sciences has ip(repared a technical note on meteo- 
rological asp^^cts of high concentration pollution in 
local areas "^hich deals with transport and disper- 
sion in urbait; environments, and^forecasting tech- 
niques fpr atmospheric pollutiort applications. The 
titlQoof thi^'' Aote is "Dispersion and forecastihgof 
air pollution". 

8. As is _well- known, engineers need to know 
how liigh to build chimney stacks" and health authori- 
ties need tb know when the amount of pollution is 
likely to build up to a certain critical level. The 
height of the chimney stack is determined by tlie 
height .of the inversion level in the* atmosphere and 
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the temperature of the stack effluent. Meteoro- 
logists can be of particular help in air pollution 
control progranniTies by providing forecasts of 
the atmospheric parameters that permit the build- 
up of pollution. These are called forecasts of 
"air pollution potential". 

9. A more popular review of meteorological 
problems in* connexion with high- concentration air * 
pollution and their treatment has also been^pub- 

- lished by VVMO under the title "Meteorological 
factors in air pollution" { Technical Note No. 111). 

10. As far* as consequences of air pollution 
^ are concerned, it is necessary to consider also 

the problem of dispersion of pollutants over com- 
paratively large areas so- called long- range trans- 
port. There are many evidences today that emis- 
sions of pollutants from higlily industrialized areas 
may spread over comparatively large distances 
thereby influencing atmospheric conditions in other'^ 
countries or other continents. Transfer through 
th^ circulation of the atmosphere of emissions of 
S02 from industrialized areas could mcrease the 
acidity of rains and cause in turn raised acidity 
in inland waters and soils far away from the area 
concerned. The WMO network of regional statioria. 
to monitor background air pollution may ultimately 
{>rovide data suitable for investigations of such 
regiona]?**dispersion of pollutants. 

11. Climatology "must also play an important 
rdie in planning the appropriate use of land in 



relation to air pollution meteorological potential. 
In planning cities, industrialization, agricultural 
activities afhd resort areas, it is essential to es- 
tablish in advance, by means of climatolo^cal 
data for relevant meteorological p^rarpeters, 
the*probabilities for air pollution tooox:cur taking 
into consideration ercLLSsion factors as well as 
topographical and otivfr local condition^, Clima- 
tologists in meteorological services*have been 
urged to take on such investigations aiid a rap- 
porteur of the Commission for Special Applica- 
tions of Meteorology and Climatology is now pre- 
paring international guidelines on the techniques 
to be ^plied in such investigations as well as« 
listing those meteorological parameters which ^ 
need climatological treatiHent, . ' . 

12, Finally, in discussing p^bssible conse- 
quences of air pollution it should not be forgotten 
that effects of air pollution could have a consid- 
erable innpact on agricultural activities, A WMO 
Tyecllnical Note No, 96'- Air pollutants, meteoro- 
logy and plant injiiry-^^oints to the established 
dapnage vto pldiits of air pollutants and the very ^ 
close r^elation ships between air pollution and th.e 
world'^s food supply are also discussed, . ■ 

/'^13, At present WMO is currentlj engaged 
inWa^rious studies related to atmospheric poUu- • 
tion, A WMO Executive Committee Panel of Ex- 
perts on Meteqrological Aspects of Atmospheric 
Pollution has been entrusted with this task. 



ICSU ACTIVITIES 

Paper presented 'by the International Council 
of Scientific Unions 



The Intemstion^a Council pf Scientific fcJnlons hss 
several ffrbups which are involved In the environ- 
mental aapectB of education and training of en-u 
glneers« The Committee on the Teaching of Sci- 
ences organized, in collaboration with U6esco, a 
Conference on Integrated Teaching of Science in 
Maryland ii#l973, which was concerned with teach- 
ing science for today's and tomorrow's society. 
The Conference was essentially cc^Jtiemed with 
the development of teaching mothiidfology and cur- ^ 
ricula. the use of which wpuld ijiivelop scientific ' 
attitudes tor x^ujb in dec! ialon making, give an in- 
dication of the Impaci of science and technology 
on society^ and of the impact of man on science, 
technology and his environment, ' Part of anyeuch 
Integrated teaching would lnvolve<developlng a 
student^s awarencHM of the environment in which 
^he lives and of the ways, both dutrlmental and 
benetlclal. In which man Is jnodlfylng It, 

.The Scientific Committee on ProUems of the 
Environment (SCOPK) l« developing a programme 
which will advance knowledge of the Influence of 
human actlvitiea upon the environment and the ef- 
fects of the xe^ulting changes on human health and 
welfare. The Bubject areas of primary interest 
to the meeting are rational management of na'tural 
resources: simulation modelling; environmental 
education, and training. ^COPE Is.also examin- 
ing the possiblKlies of establl shin g an environmen- 
tal Impact assessment ayetem. The as^aessment 
Would identify the activities responslk>le for the 
Impacts and the Impact receivers, both nafural 
man- modified. A recent workshop dealt 



specifically with the principles and methodology pt , 
environmental Impact Assessment. 

. SCOPE Report 2, "Man-made lakes as modi- 
fied ecosystem s-^ is a cas^ study of hun^an ex- ^ 
periencefln major ecosystem modification using 
/man-made lakes as an example. This study pro- 
vides an excellent illustration of the environmentjU^ 
Effects' of a major engioeerlng development, and^ 
includes ' cbntlderation of such effects on the ^ 
earth*s cfH^t, on the biology of^Hie water masses 
tK>th behind and t>elow the. dam on the hydrology, 
on the^meteorology, on the people affected, oo 
public health/ and so on« T>\e report also makes 
some suggestions 'with regard to the requisites 
for modelling. 

The environmental aspects of education and 
training of engineers cout^be Improved by the use 
of a series of such case studies covering the ma- 
jor types of important engineering works such as 
dams. hart>ours. air fields^ urt>an complexe^^. 
transport systems.^ etc. These case studies could 
bj*uaed In cpursee and seminars, could form the 
base for practical studies in workshops, and could 
bo graded in complexity so as to meet the educa- 
tional needs of high lichool'and university student 
managers and policy makers. / 
It Is suggestf d that the publication of appro* 
prjate case studies, both prior to .and after c^rn- 
pletlon.of the construction, in the most frequently 
read engineering Journals, including detaliy of the 
types of experts that might be involved would draw 
attention to the multldiaciplinary rec^ir^ents of 
such case studies. 
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I. INTRODUCTION % . 

For a number ^of decades now the modbrn world 
has been engaged In a process Of scl.entific and 
tecKrtologlcal trans^formation, the pace of which 
Increases from day to day. 

Because of their effectiveness, «cien<:e and 
technology are^opening up vast field* for human 
endeavour vyblle others^ as yet unsuspected, are , 
fltill to be revealed. 

The progress of science and technology had, 
however, been the result up to now of extrem^ely 
piecemeal decisions, of a more or les^haph^zard 
kind. ^nd largely taken in ignorance of theiir real 
import. To a great extent, thetie decisions have 
been based, Turthermore, on v^ery^ummary alms 
of subHlstence or domlnatioh.fr The combination 
of these two faTits has ended by bringing about 
changes that in ri^any sectors today are seen to 
be catastrophic. This is the case in partltular* 
of the Impact of Indu/strlallzation on the environ- 
ment. We seethe inci^easlng apparition of flagrant 
symptoms of overstrain in the mechanisms for re- 
newing the reso\irce8' of the t^iosphere symptoms, 
which point to the occurrence of Irreparable* • 
damage, , 

The rate at Which tropical forests are dls- • 
appearing^, for example, has become such that 

^olmosttotaWliminatlon in%relativelyfew years' 
time is easily imaginable.^ The spreading of ^e 
desert by Inappropriate tilling and grazing poli- 
cies, coupled with extrsemely adverse climatic 
conditions. Is condemning an increasingly large 
proportion of the African population in the Sahel 
zones to famine and death. The vast urban ag. 
glomeratlons are faced with pollution problems 
that are rapidly becoming intolerable: air pollu- 
tior\ through carbon monoxide, mainly caused by 
road transport; noise pollution from the same 
source; pollution produced by the excessive con- 
centratiory of electro- magnetic waves resulting in 
the und*^r able overheating.of living cells, etc. 

vyater resources are another main cause for 
concern. /The harnessing of'^sucli resources by 

i the construction of great ^ains has brought about, 
changes which are sometimes disastrous to the 
ecosystems of the environments in which they 
have been sited. The systematic and thoughtless 
llispoflal of human waste in inland water witH^no 
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outlets has led not only to deterioration In the 
qualify of water for domestic use tjut also to dis- 
appearance of the animal and vegetable species 
w^hlch have developed In them for thousands of 
years, ^ 

There are endless examples which ail point ' 
to the accelerated decline in the quality of the en- 
vironment, . We are thus faced by this paradox 
that it is, in fact, the ir^roduction of science and 
technology ih the social, political and economic 
life of the nations, aimed at improving the quality ^ 
of life, that Is largely responsible for its 
deterioration. 

In order to destroy this vicious circle, part 
of the research and development effort - a still 
modest proportion - is being devoted today to 
remedying the disastrous effects of industrializa- 
tion. The *4echnolbgy of the environment-' is 
making praiseworthy pr9gress, which reflects 
the concern of the world community for a more 
human way of life. Quantitative growth is being 
replaced to an Increasing extent by^growth of a 
more qualitative kind. • 

In order to speedup this movement, the Uni- 
ted Nations Conference on the Human Environ- 
ment, held in Stockholm in June 1972, stressed* 
^/the need to rriake the decision- makers'^ aware - 
of the problems of the quality of the environment 
) Amohg such decision- makers are scientists and, 
more especTallyi engineers who should beassocia^ 
ted more effectively in this movement in defence 
of the environment, not merej^y by inviting their 
assistance in the development of new techniques 
for the restoration of the environment, but by . 
/ leading* thefn to fresh thinking on Science and * 
technology &i the light of the impact that they 
may have oh the environnnent. This is what may 
s' be termed "the environment of technology". ^ / 
There is no doubt that if the guiaing of 'de- 
velopment by science is to be more productive 
in improving the "qujdlty of life" ,\the whole of 
society mustlendits assistance. But engineers 
>^ear responsibility of a special kind. 

Among the university- trained executives re- 
quired by the nation^ production machine, the ^ 
engineer holds/ in fact, an important ^?lace in 
modern society. In the factory where he wofks, 
^Ui the society to which he belongs, he represents 
^ne . of the main points of ,im^pact of scientific 



and teclmologlcaV tranHtori^iiation on the national 
substratum. 

Because of tl\e concontt-atlon of science and 
teclm'ology that he makes possible, the engineer 
affects - or can affect - the structures and tech- 
niques used in decisive fa'shion soas to give tliem 
greater effecti»venes.s and operative force within 
the context of the new general aims that the world 
community is beginning to assign itself, 

j This irklicates tliV great importance of the 
part wliich environmental problems should play 
in the training of the engineer. * 

This part obviously varies according to llic 
stage of development reached by tlie coqntry wliich 
the engineer is called upon to serve, but it cannot* 
be dispensed with altogether. Indeed; althc^gh 
it is obvious that, in many under- equi piped coun- 
tries thi* immediate problems - virtually of sur- 
vival - toust necessarily occupy the economic 
planners to a far greater extent, so that p^rotcjction 
of the envi'ron ment takes very mufih lower prloMty, 
Ifis affact none tlie'less that decisions t^ken ubih 
within national frontiers and ofttside them can de- 
cisivaly affect tfie ecological situation in the country 
^nd, ultimately, its very survival. 

Conflict lias often existed In the p6flt, more- 
over, .between short- teriln and long- term interests. 
Survival today may tlius very well mean tomorrow*s 
destruction. It is therefore important, even in 
situations of scarcity, 'VKat ecological factors 
should be fully appreciated and taken into consid- 
eration in the application of technology. 

" The case of the East African high plateaux 
can serve as Example. Tlie great population den- 
sity In Kenya, Ethiopia, Uganda and, to a lesser , 
extent, Tanzania ha^ resulted in ov^er- utilization 
of the land with a mark.ed influence on the vegeta- 
tion of the high plateaux lying at an altitude of 
over 1,500 metres. Tlie demands of agriculti^re 
have led to the destruction of tiie rain forests in 
the mountains, resulting in the reduction of water 
resources. This reduction hastens the deforesta- 
tion process. and even the disappearance of the ^ 
neighbduring savannali, transforming these re- 
gions into deserts. ^ 

Even praiseworthy attempts at supplying thfe 
semi-arid regions with water have the effect of 
destroying the productive capacity of the environ- 
ment and of extending the desert. The installation 
of a water supply attracts rural populations and 
domestic animals. The grazing land, always 
meagre, cannot provide for this irlrush. It dis- 
appears through overgrazing.' 

The disappearance of forests and other moun- 
tain vegetation has repercussions on the valleys 
and the plains^ Watersheds are destroyed, brlng- 
ing'about soil erosion and the drying up of springs. 
River discharge is changed, causing erosion of 
,the bank's, deterioration in soil fertility, adverse 
sedimentation in streams, lakes and lseas>* and, 
ultimately, the destruction of aquatic life. 

^ Thi§ example is sufficient^ to demonstrate 
th^ marked interdependence of development de- 
cisions and the impact that .tliey may haVe on the 
envi«ronm'<t*nt and, ultimately, on the very future 
of the community invdlved. 
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11.) *rriK INTEl.LKCTUAL TllAlNING ()F THE • 
KNCrfN-ICKR IN. TIIF-: i?NVlRONMKNT SECTOR 

But how ca^ we translate tlies6 subjects of concern 
to the world community into terms of a coherent 
training programme in polyteclnrlcal faculties? 

It must be recognized, at the outset, that 
tlie engineering student's training necessity " 

closely related to the stage of dcvelopmei^t reaclied 
by the country he 'is to serve. 

As the situaUon varies enormously between 
one ^country and another and as no country follows 
exactly the same stages in. its economic develop- 
ment as the others that liave preceded it, it" can 
be easily appreciated that ttie same disparity is 
bound to be reilected in the training provided to^ 
engineers throughout the world, arjd also In tl^e [ 
changes tliat occur in tlris respe^ i . 

But as each country passes Sthrough a series* 
of successive stages wliich are Similar or analo- 
gous to those through which othjrr countries haVe 
passed, we can ?ee that it s^irid be possible to • 
trace an affinity between the different types of 
training which will lead to the establishment of 
certain basic j^julding principle^ serving as com- 
mon denominators, 

Ari regard more especially to the environment 
and its protection, Ve hnve, at the outset, to ap- 
proach this from the two angles mentioned above: 
the restoration of the environment by the elimina- 
tion of pollutants, and the "cleaning- up" of tech- 
nology itself so that it may become non-'^olluting. 
Thlfir.is the distinction that we have brou^t out 
in the title of our paper when referring to the 
technology of the environment as opposed to the 
environment of technolc^gy. 

e second approach lends itself more readily 
to the establishment of a common denominator 
betweeo the various training programmes pro- 
vided in polytechnical facylties. 

The "cleaning- up" of technology must begin 
by a clear definition of the harmful effects of its 
use. This point of view is seldom»brought out 
when teaching a techrtique, save perhaps in medi- 
cal and pharmaceutical schools. A notable ex- 
ception, however,, is nuic^ar energy.^ X^^hnical 
tr,aininginthis field invariably devotes consi<}er- - 
able ati^ention to J^rotection against radiation. ' 

Tlie firs\ thing, then, is to urge that teachers 
deal systematically with this important aspect of 
the technical manipulation of the environment. 

Needless to say, universities should join to- 
gether in a sustaincfd research effort aimed at 
the^development of techniques with as 'Utile pol- 
lution potential as possible. 

The '^technology of the environment" approach 
lehds itself less readily to the establishment of 
a common denominator except, perhaps, as far 
as -the listing of the sectors involved is concerned. 
These. can be tentatively set out as follows: - 

(a) Water resources: development for domes- 
tic, industrial and agricultural use; treatmerh 
ancl distribution; sewers, flood control; develop- 
ment of monitoring techniques; i 

(b) Management of industrial and humar)- 
wa^^ste: recycling; storage. • # 

(c) Air pollution: monitoring and control of 
pollutiofi; industrial hygiene. 



(e) Flora.* 

(f) .Land- use nnanagement. 



lU. THE CASE OF THE REPUBLIC OF ZAIRE 

The National Executive Council (Government) of 
th^ Republic of Zaire has been concerned with 
environmental problems frorp a very early date. 
Indeed, several national parks date back to the 
colonlad period. The aim in view is to set aside 
10% of the national territory as parks. 

In Zaire there is, in addition, a National In- 
stitute for the Conservation of Nature (1. 1S[. C. N.) 
which is responsible for watchlngover the environ- 
ment. The Ordinance establishing this institute 
contains, Tnter alia , the following- provisions: 
"The I.N. C.N. Is responsible for carrying out 
all studies or r'esearch Into problems of the hu- 
man environment such as deforestation, air and 
water pollution, impairment of sites and erosion. 

It shall provide detaQed guidance on any In- 
dustrialization or development project likely to ^ 
improve or impair the human environment. 

For this purpose it sha)l be notified of the 
project, at least six months prior to execution." 

Specifically as regard^ training in environ- 
mental techniques, it is planned to establish next 
year at tlie National University of Zaire (UNAZA- 
Kinshasa Campus) a degree course in environ- 
mental management with the following curriculum: 

(a) For graduates in economics, law, civil 
engineering, medicine and pharmacy 

1. Compulsory subjects 

General biology, general ecology and quanti- 
tative ecology (mathematical method In ecology); 



geography of Zaire and of Africa; principles of 
soil science, climatology and hydrology; legisla- 
tion in regard to the environment; ecological pa- 
thology (human Influence on the environment and 
its consequences); management of the environment 
and rational use of resources. 

2. Optional subjects 

Hygiene ahd public health; epidemiology; 
principles of sociology and economics; animal 
and plant taxonomy; rudiments of data processing; 
town planning; principles of hydro^iology; carto- 
graphy and interpretation of aerial photographs; 
demography; principles of microbiology; agricul- 
tur^e and economic development.; 

(b) For graduates in biology anS chemistry 

1. Compulsory subjects ' 

General and quantitative ecology; further 
studies in physical geography; climatology; hy- 
drology; -soil science; ecological pathology; prin- 
ciples of economics, sociology and legislation in 
regard to the environment; hygiene and public 
health; epidemiology; rudiments of town planning; 
rudiments of demography. 

2. Optional subjects 

ISpecial aspects of animal and plant taxonomy; 
rudiments of data processing; further studies in 
animal and plant physiology; cartography and inter- 
pretation of aerial photographs; ftarther studies 
in microbiology; ecology of land and water eco- 
systems. 
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BASIC PRINCIPLES FOR THE REFORM 
OF ENGINEERING EDUCATION 



* 1, Throughout the various fields o^f en^^eer-. 
ing, enginefe^ing education has been placing too ' 
xiiuph emphasis on the goal of building things ef- 
ficiently. From now on, we must also train en- 
gineers with fiunr eye toward recognizing and ap- 
praising the natural influences and, social signi- 
ficance that the results of the application of 
engineering create. Training in the proper ways 
of preserving and restoring the s^^lal and environ- 
mental systems is necessary in airfields of en- ^ 
gineering education; the^ environmental problem 
is not the technical subject of a special discipline, 

2, Dangers to the environment are contin- 
ually emerging anewg It is libt merely modern ' 
de^l^elopment that leads to the destxoiction of the 
environment, but even the measures taken for en- 
vironmental protection, \ as in the case of river' 
basins, can create new problems. Consequently, 
as a goal for engineering education, it is impor- 
tant to impart on students an attitude of evaluating 
one's eng*ineering proposals in terms of the en- 
vironmental system without adhering ^to precon- 
ceived ideas, ^1 

3, The environmental problem \fi not simply 
the^'destinactioh and spoilage of nature, but also 
epL^compas^es a complex system which is interre- 
lated to the ruination of cultural assets , qualitative 
changes in communities, and a revolution in land 
utilization^ etc. Hence, it is necessary to take 
an interdisciplinary approach to edu^^ation and re- 
search on environmental problems in order to ob- 
tain a comprehensive view, 

4, All engineering activities exert an influ- 
ence on regional society, and the environmental 
problems .also exists on the regional level. Thus, 
in terms of the content of engineering education, 
we must strengthen regional studies- by promot- 
ing interdisciplinary graining that will foster a 
comprehensive perspective of the situation, .. / 
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ability to comprehend the conditions restricting 
the application ojf engineering, the following topics 
should .be treated in classes and open lectures 
for upper classmen: cartography, geology, geo- 
morphology, ecology, aerial ^tudies , safety en- 
^gineering, and disaster prevention, 

2, We must strengthen educational pro- 
grammes on environmental problems closely re- 
lated to established departmental curricula For 
example, itis essential to debate and have course 
offerings on ecology and diad^ter prevention 
in departments of civil engineering, mineral- 
development engineering, ana-^ity planning; and 
on industrial waste dispose and the prevention. 

i of air and water, pollution in^departments of ap- 
plied chemistry and metallurgy. , 

3, Various departments are alrfead^ revising 
their cburses on the environmental problem, and 
students from other disciplines whp have an in- 
terest invsuch matters ar^structuring their pror 
grammes so they can .attend these classes, 

4, We must establish separate departments, 
such as sanitary engineering, in those fields like 
analytical engineering which arejalready estab- 
lished but where the need's of society are great. 



III, GRADUATE EDUCATION AND RESEARCH 

1, It is'better to treat the environmental as- 
pect of the education and training of engineers in 

^ graduate school than on the ijndergraduate level. 
The reasons are that: \- ■ " 

(a) A comprehensive perspective is neces- 
sary in educational programmes ort environmen- 
tal problems,, and it is better that both the pro- 
fessors and students be gathered from a number 
of different backgrounds,/ 

(b) The environmental prolWem is a new 
field of study, and it Is important to have a sys- 
tem of. education that will teach students while 
promoting research and to recognize that having 
students do Research ^sj-fCh importa^^ part of 
their educatipn, ^ ^ v 

(c) The result •o^'taking students from all 
fields of enj^neering and training them will. have 
a broad ^ favourable affect on each^field in terms 
•of the environmental problem, . . 

2, At thiii' point, I would like to introduce 



the outline of "The\schenne for the establishment 
of a graduate courae In environmental science", 
drawn up at Hokkaido University in 1973, which 
goes beyond the confines of engineering education 
and incorporates ?m interdisciplinary approach in-' 
volvlng the natural, Social, and humanistic 
sciences » \ " " 

(i) BasiQ principle .\ ^ 

This course is constructed with the aims of pro- 
moting the. multidisciprinary and interdisciplinary 
research which is the characteristic of environ- 
mental^ science, and of educating approptiateXy 
qualified students in this field. ' > .^^ { 



(ii) Organization 



/ 



With regard to the organization of the course, 
many opinions were presented, and the following 
two proposals were exam^ed: A, Structure on 
the basis of research methodology; B. Structure 
on the basis of* research objectives. The follow- 
ing four major courses and twenty- three chairs 
were adopted: ' , 

A. Environmental structure 

i; Basic environmental study: natural his- 
tory, history of environmental cb^ge, biogeo- 
graphy, etc, 

2, Environmental climatology : physical 
chemistry of the atmosphere, urban climate, 
climatic change, ..^ — ' 

3, Earth environment: limnology, soil sci- 



ence, topographical change, etc. 

Ocean environment: coasts, 
elc. ' ~ 



sea ^urfaces^ 



5, Land ecological systems : ecosystems. 



ecological heredity, biochemistry, etc 

6, Sea ecological systems: ecp systems, 
ecological heredity, biochemistry, etc, 

B, , Sociial environment 

1, Demography: ' static populations, popula- 
tion mobility, etc, 

2, Human Ecology: " distribution of settle- 
ments, community structures, etc, 

3, Environmental medicine: environmental 
physiology, adaptation, etc, 

4, Environ m'^ntal pathology : poisoning, pol- 
lution diseases, social problems, etc, 

5, Social psychology : group consciousness, 
^mental hygiene, mass communications, etc, 

6, Environmental law : environmental rights, 
pollution law, environmental administration, etc, 

C, Environmentg^l preservation . 

1, Ecological management : biological re- » 
sources, preservation of species, etc, 

3, Disasters: natural di^astQrs, disaster 
prevention 
3 



Cold- area t.*nvironmen|: northern zones 



ivelihood and produces, etc, 

4. Landscape: * preservation and improve^ 
ment of landscape, protection of nature, etc, 



5. Control of environmental contamihatioi\ ; 
atmosphere, water, soil, living things, etc. 

D, Enfrironmental planning 

1. Regional playining; long-term oyerall^* 
planning, land utilization, urban and rural plan- 
ning*, community organization, etc 

2, Environmental transformation : space 
and ocean.development, etc.^ 

3. Resource planning; utilization, manage- 
ment, circulation, etc. . _ ; 

4. Environment of daily life; social welfare, 
educational planning, etc. ^ 

5, Location of industry : regional economics, 
location theory, etc, 

6, Environmental systenns : system analy- 
sis, prediction, etc, ' , 

(iii) Mana'gemient * , * 

In regard to the management of the courses, the 
following two proposals were examined: 

A, In connexion with study, \o adopt a "pro- 
ject team" method, 

B, In connexion with education, to adopt A 
common lecture system, ] 

The following methods were adopted:' 

A, In each major course, to establish a 
common lecture system, a requirement of which 
being compulsory attendance for all. stud en te, 

B, For the acquirement of credits, to es- 
tabltsh an optional lecture system, and to allow 

' students to attend lefctures outside their special 
courses, • 

C, Besides the above mentioned, to estab- 
lish a "project- team*' system (in accordance 
with draft X), and to-pron^te flexible research 
activities, . ^ 

^ D, To Imake it possible for students to pur- 
sue interdispipli^ary research through joining 
*,the "projectUeam", 

(iw) Strengthening programmes for the . 
continuing education of practising 
engineers 

1, The continuing education of practising 
engineers is especially important for integrat- 
ing environmental problems into the various 
fields of engineering and for giving engineers j 
new insights, . 

2, For'that reas/6^i, tiie first thing that is 
necessary is that professors and researchers 
be re-educated by promoting in a positive man- 

'ner interdisciplinary research on environmeh- 
tal problems. Through joint i#esearch, univer- 
sities and research instftutcs can continually^ 
reproduce fresh educational capacities. 1 would 
li4<e to propose as a theme for suclt joint research 
thiLjitudy-Qf rejirignal problenis , on which the ac- 
tivities of many of the fieldij of^ en gin~<) drying have 
. an influence^ . 

3, At prcsi-nt, univorsitios havo as their „ 
r^jtc^^; Off continuing oAucation master^e pro- 

grnn>rtiVi, ^u-adunto r e'soarfcher.s, aijditors, and 
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special students. ' There are slso aemihars that 
public and private enterprises conduct. But in 
Japan^ despite the many needs of society, the 
present university system is not fully utilized . 
The Government's lead is vital in having public 
enterprises use the university more for the con- 
tiiiuiiig education of th^ir employees. 

4. If we were to hypothesize about the con«^ 
tent of continuing education,^ the establishment 
of a gTQiduate course for this , purpose of at least 
two to three years woul'd seem desirable. 



(v) * Primary and secondp^y education 

The persons who are most cono^med about the; 
concUtions of regional society / where the enyiroi^r- 
mental problemc are occurring, and who under- 
stand its circumstknces. are the citizens. Con- 
sequently^ in ord^ that general citizens may 
compre|(end environmental problems and, if* 
necessary, increase their ability to study techj 
nical information, we have to strengthen basi^ 
educational p'fbgramme^s on environmental prob- 
lems in primary and secondary schools. 
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ENVIRONMENTAL EDUCATION IN INDIA 
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INTRODJJCtlON 

The n Jed for increasing environmental awareness 
at all levels of sbciety has been emphasized in 
recent years In recogrtition of the ^^ctthat en- 
vironmental problems arise largely fWin' a lack 
of understanding, on the part of decision-^malcerB, 
planners and the lay public, of the complexity of 
natural processes. The Stockholm Conference 
on the Human ^Environment recommended effort, 
boyi national and international, to promote environ- 
mental education which was to be "ihterdi^cipU- 
nary in appro^h , , , Encompassing all levels of 
education and, directed towards the gen,eral pub- 
lic". An International Congress on Environmen- 
tal Education is soon to be held by the International 
Union for Conservation of Nature and Natural Re- 
sources (lUCN), in co-operation with Unesco*, to 
evolve methods to promote education in environ- 
mental subjects and ways to incorporate these in- 
to the national educational systems. 

In lYidia too, such a need is being increas- 
ingly realized. The structure, of o^r traditional 
curricula or disciplines do not unfortunately ^)ro- 
vide the kind of education t^t is needed, although 
some courses particularly It^ase connected with 
life sciences of necessity, contain subject matter 
which is of relevance to a study of the environ- 
ment. A number of institutions are^keen to re- 
orient their teaching|t research and training pro- 
grammes to include a more comprehensive en- 
vironmental perspective that will impart the 
knowledge and skills required for improvement' 
and conservation of the environment. 

It is in this context that sdme suggestions 
aretrade below on the possible fornhs and features 
of institutional environmental educatipn>y itself , 
can achieve very little to pronwte a general a\yare- 
ne88, iwhen the major part of the country's popula- 
tion. remains beyond its scope. But in order to keep, 
the area of consideration more specific the focus 
has been restricted as mentioned above. 



Educational needs 



^Almost everything is a part of the environment _ * 
^ and thus, almost every subject is relevant to en-*^ 
vironmentai Education. Yet, we can define^ speci- 
fic areas of concern which are paVti^ularly 



relevant to our purpose. These 3Vill, of course, 
change from society to society, with^circum- 
stances^and with the level of edujfiation being 
considered. The lUCN defines environmental 
educatioh as "the prbcess of recognizing vs^lues 
and clarifying concepts in order to develop the 
skills and attitudes that are necessary to under- 
stand and appreciate the interlrelations among ' 
man, his culture, and his bio -physical surround- 
ings". In simpler terms, environmental educa- 
tion is education "about the eavironment" that 
could be used, among other things; "for the En- 
vironment^\ i. e. to understand and solve its 
problems. Thiis would obviously require a spec-' 
trum of knowledge that would go far beyond the 
confines of any single conventional disc i^Jline of 
science or technology. , - 

The education process shpuld help provide 
a comprehensive understanding of how the natural 
world wprks, of man's dependence on his natural 
environment and resources and of the ways in 
which his multifarious actiyities can preserve 
or break those links that support and sustain all 
life on earth. Environment^ education must, 
moreover, include the social and behavioural 
sciences to provide a fuller understanding of the 
interactions of man with other men and with 
nature. ^ 0 ^ 

The fundamental need is for a clear percep- 
tion of the inherent properties of the ' various 
components of the natural envirorfment and the 
linkage b^ween them. It is-these linkages which 
are often forgotten in the monolithic, discipline- 
based departments of our education institutions, 
Multidisciplinary courses, textbooks ^nd instruc 
tion materials have to l?e designed to ci>ver this 
deficiency. Activities like conservation and 
anti- pollution measures come easily to the pub- 
lic mind and there is the danger of these, un>. 
doubtedly significant, areas of .study ma skin g^t 
the importance of otherJess glamorous aspects 
like the problems of population pressure, human 
settlements, depletion of resources, ^c. This 
is particularly true of countries like Jndia which 
share the tremendous ^nvironm4ihtal problems 
of poverty such as rapid population growth, 
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inadequacy of urban and rural infrastructure, 
health care, nutrition, etc, , together with the 
more often highlighted ecological disKiption that 
results from rapid industrialization. 

Despite the general urge for a ndii- traditional 
approach, much can be achieved without any radi- 
cal restructuring of the existing educational sys*- 
tem for environmental education or even the es- 
tablishment of a totally separate environmental 
' discipline in our^ universities. 

The objectives of environmental ecjucation 
would fit into three broad categories, narm'ely 
(i) education for orientation ; (ii) education for 
specialization and (iii) education^fpr professional 
adaptation. 

(i) Education for orientation : this would be 
aimed at creating a general awareness and a sense 
of responsibility towards the environment among = 
the educated. This would hopefully equip them 
to judge the effects of actions and policies that 
would have a bearing on the environment. In 

' other words, the curricula for studies should ex- 
tend from the primary s^chool stage to- the college 
level and should provide continuous and libet^al 
input of environmental concerns so that irrespec- 
tive of the future caree*r (higher education, voca- 
tion,, etc, ) a* student decides to take up he would 
already have a broa.d but comprehensive under- 
standing of tbe deep interdependence of man'jEind 
His (environment. 

At the primary level the education should 
begin with the student's immediate environment 
using the environment itself as the- stydy metiium 
because that is the starting point in developing 
his imagination and understanding of the world. 
At the subsequent levels, environmejntal elements 
could perhaps Veinforce already existing subjects 
such as nature sti^ies, geography, civics, etc., 
keeping in miAd the interdisciplinarynature of 
envjjjd'onmgntal concerns. W,ell ^jfles^igned lessons, 
demonstrations, open air classes, excursions, 
etc. should; be planned in an integrated nfannei- 
and courses should be preferably. far reSmoved 
•from the large doses of "book knowledge" that 
has beeome the staple diet* of present day educa- 
tion. Audio-visual and other aids, quizzes, de- 
bates, essay competitions etc. , would be helpful 
for the purpose. " V 

Some suggested cou r-se- coiitent for different 
levels of the orientation education are given on 
page 108. 

(ii) ('idueatipn for specialization: at the 

\ is 



graduate and p^t-graduate levels, educati 
largely career-oriented. ^[Wany of these courses 
liavo to do with fields oT profession that have di- 
rect influence on the quality of the enyironment, 
(?. g, agronomy, engineering, industi'ial manage- 
nnent, town and country planning, mining, etc,. 

At these levels, ^education sliould provide a ' 
clt;ar perception of the rolati6nship of each fi^eld 
to the environment and the kin^Soo'f problems that 
could. arise from the associated pracrfrices - the 
knowlf?fJge tfiat may only fiavolRooji generate*! in' 
■r<rr;<rn\ years. This obviously rncians that estab-r * 
lished rcj.sults of research should ho constantly ' 
us< d to niodify and enhance outd;it<Vl techniques , 
nnd methods. In instillih/i the prohlcni solving 



capacity into sfudents they have" to be made a^are 
of how to m^ke comparative assessments of en- 
vironmental damage that can result from varioys 
courses of action (involved not only with the basic 
disqipline but also, with its sister disciplines) and 
ho^ to make the appropriate' choice best suited to 
the prevailing local conditions and constraints. 

Besides class lectures, emphasfs m^y be 
given to project based course- work, case stv^dies, 
vocational training, information seminars, etc. 
The possible environmental content for some 
courses are ou^tlined On page 108. 

(iii) Education for professional adaptation: 
this is to provide occupational training to in-service 
people who are by profession directly or indirectly 
involved with environmental concerns. Such people 
would include: , 

1, Professionals such as engineers, archi- 
tects, settlement planners, agronomists, hydrol- 
oglsts, conservators, etc, , who act, directly upon ^ 
the environment, 

^2, Professionals such as economists, sociol- 
ogists, development planners, lawyers, adminis- 
trators an'd other decision- makers^ whose functions 
involve them in indirect actions on the environment, . 

' 3, Teachers, community educators, science- 
writers, etc, , who are instrumental in generating 
environmental awareness among people. 

Such training could be imparted through suit- 
able designed short appreciation/refresher courses, 
seminars, workshops, etc. The content and dura- 
tion of such programmes would be determined by - 
the nature and purpose of training. 

The introduction of programmes of this kind 
would require ^ome preparation in curriculum de- . 
velopment, organizatiqnal changes, devising and ' * 
testing the materials and methods, training of ^ 
teachers,- o(c. , but should begin immediately to 
meet the pressing retjuirements. Such special 
short programm^'es may be organized in a few 
selected educational institutions of the country * ^ 
whe>fe some basic envir onment- related studies 
are already well established. It would' also be 
useful to foi-m compegj^ent interdisciplinary train- 
ing* groups confflrising educator^, and spec ialis ts' 
in tbose institutioWs to conduct such progranrmes. 
A few institutions, for. example, are suggested 
below: _ - ' 



Core subject area 

1, Biological sciences 
and ecology 

2. ITumar^ties and so- 
cial sciences 



3, Quantitative ecology 
and enVironmentrics 

4, * [.environmental plan- 

ning' and engineering 



Instituti6ns 

Madurai University; ^ ^ 
Benares Hindu University; 
Delhi University 
JawaharladNehru Univer- , 
sity; Bombay University; 
Gokhale Institute of Poli- 
tics & Economics, Poona 
Indian Statistics Institute 

School of Planning and A r- ^ 
chit'ecture, Delhi; -IIT, 
KanpKir; Jadavpur Univer- 
sity; College of Engineer- 
ing; Guindy 
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5, Resource 
manageinent 

■ \ 



JIT, Delhi; Indium School of 
Mines, D^ianbad; FoFest**ReT 
search Institute, Dehradun; 
Soil Conservation Research 
Dehcadun; Indian Photointer 
pretation Institute (Si*rvey of 
India) Dehradun, 



Educational heeds for environinental engineers * 

Though engineering has , many and varied inter- 
actions with the environment, present engineer- 
ing edu.cation reflects fhis only minimally. Tra- 
ditionally, the training of engineers has been 
designed to resolve immediate problems without 
much concern about the long- range consequences 
of their actions. As a result, short-sighted use 
of technology,, to cure immediate ills,'S>as often 
been the cause of. much gj^eater Environmental 
, problems. These considerations become most 
significant in the activities of those who are re- 
quired^ to manage human settlements and quality 
,of their environment', namely, tHe environmeptal 
engineers, . ■ 

Environmental Health Engineering is essen- 
tially an outgrowth of sanilar^ engineering which ' 
primarily deals with the needs of municipal sani - 
tation,. This field has traditionally been "disease- 
oriented", and concerned. with public ^water supply 
and wa^te disposal, . Within the prei^ent limited 
area's of concern, sanitary engineering has emi- 
nently succeeded in mitigating communicable 
diseases, 'but ha^ been unable to include work on 
the broader implications of environmental action 
and has often' created new problems in the very 
act of solving others. These have included water 
pollution problemWby disposal of solid wastes, 
pesticide pollution in eradicating disease vectors 
and so on. Needless to saji, it was unprepared 
to taqkle the new problems arij^ing otit of the 
present radical transformation of lirian's material 
envirpnment. The first full-fledged diploma 
coUrse on sanitary engineering was introduced in 
India in the All India Institute of Hygiene and Pub- 
lic HealtlWAIIHPH) as early^as in 1938, Subse- 
quently,^ a post-graduate course leading to degree 
of Master of Engineering (Public Health) was al- 
so introduced, in 1948, in the same Institution' 
which was first of its kind in South East 'Asia, 

However, to meet the changing needs of so- 
ciety the curriculum of sanitary engineering has 
of late, been greatly modified to include sulDjeicts 
like solid waste management, industrial waste 
treatment, water and air pollution, environment 
/tal hygiene, rural sanitation, etc. Until recently 
the training was mainly confined to the under- 
graduate level as 'a part of the course on civil en- 
gineering. But now a number' of Inj^ian universi- 
ties offer a master^s degree and are well- equipped 
with research facilities in this field. A general 
qutiine of the exii^ting courses for undergraduate 
and post- graduate stiidies (master^s degree) is 
shown on page 109. * * / 

, With the emergeijce of the modem conceptof 
"envirorimenial design and management" which^ 
essentially involves the integrated expertise of 
{ilanners^ architects and engineers who ultimately 




condition and regulate the Environment of );iuman 
settlements, 'the need for a new kind of englneer- 
♦'injg is? rapidly emerging. Environmental engineer- 
ing has to conern itself from now on with the p'ro^ , 
ection and conservation of the human environment. 
It cannot be restricted only to controlling environ- 
mental nuisance and hazards from the heajth point 
of view bu^ shoul^ also provide man with the most 
favourable 'environment possible. More emphasis 
on rational d|?velopmental planning las a way to im- 
^xrove the environment- to hav^ one's cake and 
eat it too! 4 ^ 

With these objectives in view, the education 
for environmental engineers should be bas»d on 
"systenri' and "resource" approach, since ultimately 
it is environmental systenos and resources which 
govern^the "quality of life". An environmental en-« 
gineer must visualize the htiipan environment as 
a whole and not in unconnected parts. To under- ^ 
stand the far- reaching implications of a particular 
^development he ahould ppssess a* fdir knowledge ^ 
about b^logy, ecology and related subjects In ad- 
ditioji to^technical skills. . - / - ' 

Therefore,- besides'including sijbjec is related 
to environmental sanitation and health, environ- 
mental engineering should edso be directed, to focus 
on problems of fiuftian settlemehj:s (both urbfuiand 
rural), ^, g. overpopulation, congestion, slums, ^ 
urban blight, noise etc. , and should also dealw^h"" 
environmental aspects of cjevelopment projects, 
water resources, location of Industries ancf cities, 
structuring of a'ctivities within a citj^ transport 
systems, recreational facilities, etc. The exist- 
ing course need§ to be si^fficiently broadened to 
cover these areas and the training programme 
should involve application^of modern teciuuques 
of systems, analysis, oilganizational and nrtahage- 
ment techniques, etc, Though the human environ- 
ment may differ to a certain degree depending on 
the state of local development and other special 
chairacteristics, the basic requirements for such 
education would remain universal, 

^ Som€ suggested course- content for post- 
graduate studies (master's degree) are provided 
on page 109. 
1 ■ • ^ - - ■ .■ - - - 

Conclusion ' t> 

Introduction of environmental education into our 
educational programmes is already overdue. Our 
institutions have to address themselves to fulfil 
this need. This requires the, formulation of rele- 
vant pdlicy guidelines and strategies! and also^ de- 
velopment of necessary methodology and study ma- 
terfals. Mucjh is expected to, emerge from the 
forthcoming World Congress on Environmental 
Education. Meanwhile we must evplfe an approach 
which will allow us on the one hand »to use our 
present educational systems, an*^ ph jt he other, to 
develop new institutions and methods. All- the 
while we must remember that aolutiohs to the 
problems of yie Environment and those for the 
problems, of development can and do go Hand in 
hand. \ . 

This will require participation of expert edu- . 
cators, education planners and environmental sci- 
entists for exchange of viows. In^rder to achieve 
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this, we, in India, are considering the formation 
of a competent advisory group comprising of rep- 
resentatives from universities, environmental 
health engineers, ecologists, planners, sociolo- 
gists^ engineering project mangers, systems 
engineers, in the Office of Environmental Plan- 
ning and Co-ordination of the X)epartment of 

' Aqnexure I 



Science and Techncflogy. The promotion of environ- 
mental education is one of the major are^s 
envisaged in the 'proposed " Environmental R&D 
Programme" under the "Science and Technology 
Plan" proposed by the Department of Science and 
Technology during the period 1974- 1979. 



Environmental studies for orientation - some. suggested subjects 



U Primary school level ' • ' • 

'(i) ^ Earth Science (meaning of earth Euid man's record on it), 

(ii) Nature and Natural 5lesources. 

• (iii) Need for Air, Water and Energy. 

(iv) The Process of Living." 



2. , Secondary school level , 

(i) Outlines of Ecolog3j^ ' ^■ 

(ii) Human Geography (human societies and settlements). 
r (iii) Resources^ land Wastes. 

(iv) Outlines of Khvironmejital Conservation. 

(v) Sodiety and the Environment. c 



3. Intermediate college level 

(i) Concepts of Environmental Systems Methodology and Resources Management. ► 

(ii) So'cio- Economic and Cultural Aspects of Environmehtal Protection. 

Annexure II - * , 

Suggested course content' for environmental studies at advanced level (non- engineering courses) 



Discipline 

1. Bio- sciences: 
« 



/Course suggestion " ' 

System Ecology;^Comparative Ecblbgy,'* Bio- 
Energetics and Bio- Chemistry; Environmental 
Physiology; Plant and Animal Ecology; Pollution 
Ecology. 



2. Social sciences: 



Human Ecology; Soibio- Economic Development and 
Environment; Society^ Environment and Psycfeo- 
dynamic Processes; lluman Geography and Popu- 
lation Dynamics; Human Prolftems as related to 
Environment; Socidlogy of Urban and Rural^ettle- 
ments; Urbanology; Enylionmental Legislation and 
Administration; EconSimics of Envri*onmental 
Protection. 



3. Geo- sciences: 



4. Medical sciences: 



Systems Ecology; Environmental Geology; Natural 
Resources Euid Environmental Conservation; 
Meteorology and Climatology; Geo morphology,^ ^ 
Hydrology; Economic Resource Allocation ^nd 
Utilization; Development an'd Environment;" Popu- 
lation and Humem Se^ements. ^ ^ • 

Human Ecology and Environmental' Health; Ecology 
of Drugs; Ehyirpnmentf^ Pollution and Interrela- 
■^ti^nship of Pollutants and PoUtition of Air, Soil 
and Water; Effects of Pollution; Npise and Radio- 
logical^ Health. : ; ' 



Discipline 

■ m 

Agricultural sciences: 



Cburse suggestion 



Systjems Ecology; Agro-*Ecosystenis; Soil Prqper- 
ties £ind Nutriept Transfer; Soil Management stnci 
Crop Producti^ii; ^ology of Herbicides ^nd pesti- 
cides; Plant Protection} Plants of •Envirohmental'^ 
Significance; Land- Use; Foresfry; Fish' and Game 
Conservation. ^ . , ''mf^ 



Annexure III , , 
Existing courses of sanitar^^jgngineering 

Undergraduate studies for civil engineers . * 

(i) Pre- final year (compulsory) , . 

-■■-•) 

Sanitary engineering: 



Water supply and sevverage engineering - broad^prin- 
ciples and practices. ' . 



(ii) Filial year (elective group): , 

1. Public Health Engineei^g - 

2. Advariced 'Sanitary Engineering 



Principles of biol6gy, bacteriology and parasitology; 
Communicable diseases; Host- parasites relationships;. 
Environmental health. - . / 

Water quality ( chemistry £ind biology); Asses snp^nt of / ^ 
^vwater quantitj^'anti quality demands^J\^aj|or unit ope ra- 
tions TrTvoIved in, the ttMS;|tme^t of .water and waste- | 
Wsfjter. ( 



l\. . Post 



graduate corses l^e^ing to master's Cjegree - 



ipuisory): 




(i) Major group (all si 

1. Water trfeatm^nt and supply - a„(ivanced^ 

* 2. \|Jaste/water engineering - advsinced v 

3» Solid/wastes and gaseous wastes engineering 

4. Ind\i6tri1a waste treatment , 

5. P«pcess system engineering 

/ ' ' • * 

(ii) Minor group (any two subjefcts): 

. Sanitary bio- chemistry * 

2. SanitsTry biology and mac'robioJjQgy 




3. Environmental hygiene 

4. Material science 

5. Higher mathematics 




(iiif Ancillary group (any jone sii 



bj/^t) 



(i) 



1. Foundation engineering \ 

2. Structural mechanics and concrete ^^neerir\g ^ 

3. Public health administration . 

(iv) Special problem - cours^ work on a selected problem 

(v) ^Thesiq - based on i>^sea]cch on a selected tppic^ 

Annexure IV 

Suggested course for environmental engineering ^or pQ8t«_:gV:aduate studies 
Background paper: / 



J,/ 



it 



Aspects of human environment as rented to, socio- economip^ 
development; Human geography and population dynamic^;- 



Hu' 



an ecology; Natural resources - economic ei^ocatlor 
utilization; Quantitative ecology and concept^ of environinetrics; 
<5^-tem& analysis.. ..-^....•..^^'^r.f^'^^-*--^^^^ .j?; 




Human settlements; 



. jgnvlronment^ hygiene: ^ 
Water quality management: 



Arfrp 



6 spheric environment; 



Urban and countryside - location, form, structure aAd func- 
tional* aspects: Environmental nequirementfj ia humari settle- 
ments (urban and rural); Land- use planning and environmental 
design; Housing and working environment; Transportation and 
fecrefational services; Solid waste management; Environmental 
conservation, ^ 

\, ■ . ' ' » 

Envirooment and <:ommunity health; Communicable disease 
and vector control; Occupational healtJ\ and industrial hygiene; 
Environmental sanitation with special reference to air, water, 
soil, food quality and pollution by pesticide, noise and radio^ 
active substances; Public health practice and social discipline/ 

Water resources - management for multiple uses; Hydrology 
of Surface and groundwater; water quality analysis (physical, 
chemical and biological); assessment of quantity aijid quality 
demands; design of water and waste^ water facilities; water 
and waste- water treatment .methods; industrial water supply; 
Industrial waste treatment; limnology and water pollution. 

Meteorology and climatology; Chemistry of air pollution; Air 
pollutants - sources, transport phenomena; reactions and effects; 
Aromatic by- products, of combustion; interrelartionships of pol- 
lutants and air pollution; Bioassay of alr^polhitants; pollution * 
control technology; economics of pollution control, noise * 
'abatement. 



Environmental management: 



National environmental policy; Management of resources; En- 
vironmental administration; Int^natlonal environmental acti- 
vities; Planning and development of resource system. 



In addition , there should be a special problem for coach work and a thesis .In partial fulfilment 
of the requirement for the master's degree as at present. 





1 



CONCEPTION FOR STUDY OF KNVI IIONMFNI^ 
CHANCING BY MAN AND TItAINING vSPKciALISTS 
IN THK SOVIET UNION ^ 



by . * 

A./M,*^ Ryabchikov, Moscow State University 
and " ' . , 

I. I. Bondarenko,'jState Committee fo^Science and 
Technology und€r the USSR Council of Ministers 



r 
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We share the concern of Ufie^co, MAB and other 
interna;tlonal organizations for the accelerated 
change of the envlronfnerit by man. ^e under- 
stand the need -to study <hid process and to take 
steps ^ Its slowing down in order not to cause 
irreversible consequences. We also Understand 
the slgriiflcanfce and the need for training a yoi|rig 
generation of engkieers and- scientists to solve 
this very acute ^and complicated problem. * 

But while training Various Specialists, writ- 
ing textbooks, and planning scientific research in 
this fifeld we come across the lack of a general 
conception. We' greatly appreciate efforts , of the 
authors^ of the' MA*B Programme as well as the 
ideas of other ecologists, but the environment 
-goeSflbeyond the biosphere! Besides cytoplasm 
it includes mineral substances and it also requires 
ecologic, socio-economic/ technological and 
psychological analyses. ' - ^ 

>^s we know, biosphere, llthosphere^ hydro- 
sphere, ^aJnd atmosphere^are closely connepte^d 
by the interchange oj matter and eiiergy arid tKey 
present an Integral material systejm in dynamic 
equilibrium.* It is ^ semi-.ppen systenp having 
restricted^ relations wtth the earth mantle and ^ 
cosmos. We call it geosphere or environin,ent.' 

* At present six energy f&ctors determine this 
equilibirum. They are solar energy, gravity, 
tectonic forces, chemical energy (primarily , 
oxidation' aiKl i^stpration reactions), biogenetic 
energy (photosynthesis, chemosynthesis, energy 
of oxidation and food assimilatlqn by animals, 
reproduction of blomass productivity) and lastly, 
the sixth factor -^energy of the world'fe industry. 

The first five factors, developing conjugately 
according to the geological time scale for 3; 5-4 
billion years have formed the environment and, * 
last, man, himself has been created who secre- 
d from hominlds as early as one billion years 
ago. When a socially organized man came into 
being a new factor: energy of the world industry 
,emWged« This factor has developed in the his- 
torioftl scale of time and at present has a, tendency 
to redouble every 15 years. Whether dynamic en- 
vironmental equilibrium, which was developed 
during geological time/) Is preserved or disturbed 
! depends on the capacity of mankind to organize 
production in itq broad sense. 

Does nian > adopt new conditions of the 
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envlrcffiment? Naturally, he does, /but its rate, 
due to biological laws, lags behind the rate of en- 
^ viroi|mental changes. 

The scope of human activity has become gi- 
gantic. Not to exhaust you by the full list of what 
materials and in what quantities are discarded In- 
*to the environment by the world industry but we 
should ^ke to mention a few. Every year, 800 
million tons of various metals and almost 60 mil- 
lion of (unknown in nature) synthetic jmaterlals are 
produced, abov^300 rfllllon tons of mineral fer- 
tilizers and about 40 milllor) tons of various toxic 
chemicals are scattered dowii in the fields, 8 mil- 
liard tons of fuel are burnt, discharging up ta 20 
milliard tons of carbon^dioxide and over 1 milliard 
tons of ot|ier solid and gaseous compounds, includ- 
ing cancerogenic, are thrown out into the atmos- 
sphere.^ iJfflclencyof varlbus combustions aver^ge^ 
33 per ceijt. Mam«ses 13 per cent of the fresh 
water, 600 milliard tons of which are thrown back 
into rlM^rs and lakes. Due tQ_ such a degree of 
pollution, 1-ts neutralization requires tw'elvefold 
dilution whlph is not surprising, taking into ac- ^ 
count that modern industry produces 12 thousai^ 
^f various chemical compounjis. ^ /' ^ 

By present forecast, these data .will- enlarge 
3 to 4 times bytheye^r 20001n the li^ht of modfern 
* means of control of environrn'^ntal, pollution. 

Problems arise: for how long^will natural re- 
sources last, will thd climate change, will environ- 
mental equilibrium be disfttrbed? 

A^ it can tje seen from serious scientific 
sources, the climate of our planet will nob change 
during the next lOO'^^ears and there will not^be 
fatal, global deficiency of natural resoui*c^^^ 
though it does not exclude regional disproportions^^ 
' A great concern is ^used by a possibility of dis- 
\ turbance of chemical environmental equilibrium 
\due to imperfect technology which does riot matct^^^ 
the power of modern industry. ^ 

Disturbance of chemical environmental equili- 
brium occurs not only because of heavy losses ^ 
^hile extracting and treating raw materials but 
also as a result of scattering material during use. 
There are no eternal goods. Technogenlc entry of . 
chemical elements and their compounds into the ' \ 
environment which are widely used in industry and 
private exceeds 10-100 times their natural v 

entry (volcanic processes and rpck weathejring). 
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For exampla, alrno«t half pf ^50 million /one 
of reduc<Rd iron ore .lost during thq first year 'due 
to treating, mechanically working, and corrosion. 
One- third part of tho chc*mical minerals extracted 
in lost in treatment and tranHportatlcn. if<^pro- , 
toctlye meaaurea are not taken, considering the / 
jjrowth of in dust rial production, then the content^ / 
of iron oxides in 00 1| and aui^face waters will be 
doubled, lead and zinc compounds will Increase 
by 10 times: mercury; cadmium, and stronUum/ - 
by 100 times etc. / 

And here we come to the deadline. We have 
aurprioingly little knowledge of what changes 
ohemical elements and compounds might und^go 
aB they are plentifully dlffuseickln the environment. 
For how long have 4hey been conserved and what 
will they come to? What Is the capacity of, the en-' , 
vironment to absorb these pollutants? What is 
the limit beyond which a c^tastrophe can follow? 
In a phrase, the j^roblem oS circulation of ni§tter 
and energy in the environment ib to our regret 
not worked out. In case where knowledge Of na- 
tural circulation a^d tt)i'e quantity of additional 
growth of industry l^ available, it should l)e pop- 
sible to forecast environmental changes. 

We calculated that all over the world in the 
process of extraction, transportation, treatment 
and utilization almost 50 million tons of oil and 
ite products are lost yearly; this amounts^ ioB per 
cent of the annual extraction. About 15 million 
tons of the oil and its products mentioned amye 
go inta the ocean, up to 23 million tons of hydro- 
carbon, as vapour and gas, enter the atmospl 
and 11 million tons of heavy oil products rem 
on the lan*d. At a temperature of 20*C.oil is o; 
idized within ^ fortni^t, at 15"C the proces^ 
oxidation takes halfamonth, andat a temperatur 
of 5*C Jialf a year. In arctic waters oil relmains 
for years. ^ For instance, in the Chedobakto Har- 
bour, Nov4 Scotia, Canada,* due to the cold Lab- 
rador current, an oil slick has remained for almost 
4 years since the catastrophe of the "Arrow'^ 
tanker in 1970 when 16 thousand tons of oil were 
poured out. 

One- third of young bionts perish under long . 
effects of oil. Oysters taken in waters polluted 
by oil have up to 30 micrograms of ben3;(a)pyren, 
100-200 micrograms of chriyzen, more than 300 
micrograms of flouranten and other cancerogenic 
hydrocarbons per 5 Kg of shelled oysters. Min- 
eralization of the oil poured on th^ earth crust 
occurs at Jhejsam^ toa, but what happens to 

its components in the atmosphere. Unfortunately 
we do not yet know. 

At present the demand for oil increases by 
8 per cent and extraction by 5 per cent a year^ 
A.t etich.a growth of V)il usage and its present > 
losses, the latter piay increase twice as much 
by 1985^, and it may create a critical situation 
for siirvlval of ajnumber of biocenois'es and man 
himself. Therefore the development ''of non- - 
polluting sources (solar energy and controlled 
thermo- nuclear syntheses) and a renouncement 
of the burning of organic fuel have become a vital 
condition for survival. 

Contaminiatlon is dangerous for nnian, animsils, 
an(|[ plants be<^use or/i^anisms aire capable of 
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^ccumulatlhg elements and compounds within them- 
selves, which do not participate In metabolism. 
The concentration of lead compounds, pesticide 
DDT and other toxic substances in plant^s^ and In 
the body of ai>lmals and man exceeds dozens of 
times their content In soli, natural .waters 'and air. 
This toxic matter is found ip the mother's milk 
which is passed on to the new generation. Due, to 
general circulation of the atmosphere and water 
on the earth, contapnlnation has «4aken a global 
character. A lot of toxic substances are found in 
samples of ice from Greenland and in the Antarctic 
where certainly nobody scattered them. For the 
past 20 years the concentration of tetra-Qthyl- 
lead in ocean waters has in<fi*eased tenfold. ' 

Modern means of pc^llution control^ including 
biological,' enable one to catch '^O to 80 per cent 
of pollutants in the laboratory. In practice not 
more than 25 per cent of pollutants are' ciaught on 
a world-wide scale (65 per cent in the Soviet Union, 
a^ut 50 per cent in th^ bnited States, less than 
10 per cent in the deyeloi|>i(^ couniiries). The 
means of pollution control a^e yery expensive yet 
( 10 to 40 per cent of the overall c^Satof enterprises )^ 
and they are not reliable^in pperatioli. The out- 
standing ifVmerican economist and ecologl at Barry 
Commoner has presented a socio-economic aspect 
of this problem, in his opinion, the present con- 
flict between man and nature is caused by the unco- 
ordination of private enterpriser still dominating 
on the earth with> vital social values , such as the 
environment has for mankind. , \ , 

An analy^s of concentrations of industrial 
wastes shbwb that the atmosphere, soil; and river 
waters in the Soviet Union are in average three 
times as clean as in the United States, Federal ^ 
Republic of Geirmany and Japan. It is sufficient 
to compare the air in Moscow and Tokyo or the 
watdr of Dnieper and Rhine or Volga and Mississipi 
to see the difference. It is one of the advantages 
of socialism. ' * . 

Recently the expenditures on restoration and 
protection of the environment in the Soviet Union 
exceeded 2^ 5 per cent of ^ the national iticome, that 
is about 8 milliard roubles a year. In the United 
States, they amount to 1 per cent of the national 
income or 3. S ifiillion dollars, VThe report of . the 
United States Council on Environmental Quality 
(March 1972) states that the equipping of 12,000 . 
leading enterprises by pollution control facilitiesi 
would take 32 milliard dollars spent over 5 years, 
and this its turn would increase the cost of pro- 
duction by 2 per cent. To eiquip all, the industrial 
enter||(rises with clemming facilities and to recul^.- 
Vate mjured nature, it would take 10 times as 
much, and simultaneously the production cost will 
grow. These figures are likely to give some no- 
tion to an American that pollution of the environ- 
ment is an inevitable phenoinenon«" Is it really the 
case? NaturallJ^, the need for environmental ex- 
penditures on protection^ reproduction and recon- 
struction of the envix^onment in a number of coun- 
tries amount to and sometimes exceed national 
income. The time when me^, like a child, was 
totally provided by nature and^ts resources has 
passed. He polluted the environment, wasted its ' 
resources and nature be the mother coped. 



.successfully with neturalization of wastes irii order 
to maintain equilibrium of matter and energy cycle 
to a certain extent. At present the rate of pollu- 
tion has reached, and in some cases exceeded, 
the rates'of their natural decay. Flence, we ob- ■ 
serve such a great degree of pollution and degrada- 
tion of the environment that it needs^large funds 
for its recultivation and reconstruction. * 

.What are the ways to overcorpe this crisis 
without lowering the. production growth and living ' 
standards* of a numerically incregasing population. 

To overcome this crisis in the inter relatiorffe 
between man and environment aver the whole plfanet 
with countries of different socio- ecqnpinic struc- 
tures there is do other sensible way out but / 
^put an'^end to the arms race. The restriction of 
arms, and particularly strategip disarmament, . 
. \j^ill make it possible to save antiualiy, at least, 
125 milliard dollars whiiclvriepresent only half of, 
all. military expenditures ffftoughout the world, 
and(,to use them for raisingithe econonriy of devel- 
oping countries, for the control pf population 
growth, Xov the improvement of cleansing facili- 
ties, for the promotion of search Tor new non- 
polluting.sources of energy, and as a strategic 
task to transform graducQly industry into recycling, 
"dry" technology and an industry Vithout by- 
products. ' * 

These are the main conceptions about the 
interrelation of man and the environment of which 
we inform our students. Th^ process of training 
and teaching the specialists, including various 
engineers: chemists, metallurgists, etc. ; in the 
fundamentals of environment protection has three 
trends in the Soviet Higher Schools. 

T. The creation of special departments "Pro- 
' tection of NatuYe" at biological and geographical 
faculties. They are few in^qumber. . Such depart- 
ments were organized in Kazan and Tomsk Uni- 
versities.' and similar departments were opened 
in I.rkutsk and Rostov Universities this year: 
Specialist- ecologists trained atthese departments. . 
work mainly at natural reserves and at some 
planning organizations. However, experience 
shows that if it is t^asy to train a specialist^to 
work at a natural reserve (but^they are not in 
great demand) it is extremely difficult to train 
such an ecologist who will be experienced in num- 
erous branches of modern industry. 

il. Thus, there exists another way: it is ob- 
ligatory to deliver lectures on the fundamentals 
of environmental protection to future-engineers 
at universities, polytechnical, technological and 
other institutes whose graduates will deal with 
the utilization of natural resources, or with ex- 
plbitation of territory and water areas. 

Such courses under different names are in- 
eluded now in educational programmes of almost 
all uhiversitie^s and institutes. In particular at 



the Moscow Statc*^ University at the Faculty of 

' Geography, Professo> A. M. Riabchikov delivers 
a course, which ta^es 70 hours, to all the ^tudents. 
It is called/changing of Environment by[ Indi^g^y^' 
and Profifssor T. V. Zvonkova delivers lectur^ 
oVi "Bases of Geographical Forecast" at planetary 
and regional aspects. 

. A course entitled "Economic Ba^es of 
Rationail U^e of Natural Resources and linviron- 
mental Protection" is delivered at the Economic 
Faculty of the Moscow State University. At some 
faculties the course "interaction of Man and Bio- 
sphere" is given. As you know, Ehe matter is not 

' in the name but in the essence. The course of 
lectures is in^teresting and useful only wlien the 
professor solves problems together \7ith his 
Students. > With this purpose, scientific Labo^a- 

'tories on thiS' topic were organized in a numb^ 
of Soviet unive^'siti^^s and institutes. A special 

* scientific council ,)Co-ordinate scientific subjects, /; 
and it can finance*, them. 

III. However., no matter how impot tant are 
the courses on.envirb'nrhefntaf prptection, ratiQpal 
use of natural resoXirces,, and tHeir ecor omic. eyaK 
uation, thijs training is not sufficient for specialists 
employed in modern industry. Thus, the system 
^of Soviet higher edtication has a third level of 
training specialists by mea^ns of special courses 
and seminars. According to the solution from the 
Higher Education Ministry College ever^ profes- ' 
sor delivering special courses, fob example, on 
c^hemical technology, metallurgy, mininig,* agri- 
culture, use of water etc. ,' must pierce them with 
idea%>and methods of enviro'nmental protection. 
Some lecturers consider these problems in a spe- ^ 
ciil.^ction of the course. Architects think of 
how to arrange a complex of constructions on a . 
definitelandscape, to retain its natural appearance. ^ 
As modern seiencxe and engineering have been 

f differentiated a great deal, J ^ rigid scFieme to 
present t,hese problems does| not and canrtot^ e^ist. 
A g^reat many methods of using natural r^sq\irces 
and. technblogical'processes d^efine a lot of view- 
poio4;s on ^envj.ronmental protection. Under these ' 
conditions it is especially important to work out 
the basis of a general conception of this extremely 
complicated probliemy/^ 

A lot has been done and is being done in the 
field of environmental protection, and reconstruc- 
tion as well,, in th^ field of education in the Soviet ^ 
Union. tThis problem has become State policy. 
Nevertheless, we ^.re far from an idealization of 
our achievem^ts. A great deal should be done 
both in scientific and practical aspects. In this 
connexion we think that th^ discussion of the prob- 
lem^of education and train4ng will be useful and 
of great, interest. It is very important tq define 
basic conceptions of these problems in order to 
relay race to new "generation. 




